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IV. 


ANY FORCES LYING IN ONE PLANE, AND| and perpendicular to the known direction 


APPLIED AT GIVEN POINTS, 


| of the reaction, which we will call verti- 


We have previously referred to this | eal for convenience, since the process is 


problem, having treated a particular case 
of it in Fig. 2; and subsequently cer- 
tain statements were made respecting the 
indeterminateness of the process for find- 
ing the reactions of supports in case the 
applied forces were not vertical. 

e case most frequently encountered 
in practice is wind-pressure combined 
with weight, and we can take this case 
as being sufficiently general in its nature; 
so that we are supposed to know the 
precise points of application of each of 
the forces, and its direction. Now it 
may be that the reaction of the supports 
cannot be exactly determined, but in all 
cases an extreme supposition can be made 
which will determine stresses in the 
framework which are on the safe side. 

For example, if it is known that one 
of the reactions must be vertical, or nor- 
mal to the bed plate of a set of support- 
ing rollers, this will fix the direction of 
one reaction and the other may then be 
found by a process, like that employed 
in Fig. 2, of which the steps are as fol- 
lows : . 

Resolve each of the forces at its point 
of —— into components parallel 
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the same whatever the direction may be. 
By means of an equilibrium polygon or 
frame pencil find the line of action of 
the resultant of the horizontal compo- 
nents, whose sum is known. Then this 
horizontal resultant, can be treated pre- 
cisely as was the single horizontal force 
in Fig. 2, which will determine the alter- 
ation of the vertical components of the 
reactions due to the couple caused by the 
horizontal components. 

Also, find by an equilibrium polygon, 
or frame pencil, the vertical reactions due 
to the vertical components. Correct the 
point of division g of the weight line as 
found from the vertical components by 
the amount of alteration already found 
to be due to the horizontal components. 
Call this point g’, then the polygon of 
the applied forces must be closed by two 
lines representing the reactions, which 
must meet on a horizontal through 9’; 
but one of them has a known direction, 
hence the other is completely determined. 

This determination causes the entire 
horizontal component to be included in 
a single one of the reactions, and it is 
usually one of the suppositions to be 
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made when it is not known that the reac- 
tion of a support is normal to the plane 
of the bed joint. 

Another supposition in these circum- 
stances is that the horizontal component 
is entirely included in the other reaction; 
and a third supposition is that the hori- 
zontal component is so divided between 
the reactions that they have the same 
direction. These vo will usu- 
ally enable us to find the greatest possible 
stress on any given piece of the frame by 
taking that stress for each piece which is 
the greatest of the three. 

In every supposition care must be 
taken to find the alteration of the verti- 
cal components due to the horizontal 
components. This is the point which has 
been usually overlooked heretofore. 


KERNEL, MOMENTS OF RESISTANCE AND 
INERTIA: EQUILIBRIUM POLYGON METHOD, 


The accepted theory respecting the 
flexure of elastic girders assumes that 
the stress induced in any cross section 
by a bending moment increases uniform- 
ly from the neutral axis to the extreme 

ber. 

The cross section considered, is sup- 
posed to be at right angles to the plane 
of action or solicitation of the bending 
moment, and the line of intersection of 
this plane with that of the cross section 
is called the axis of solicitation of the 
cross section. 

The radius of gyration of the cross 
section about any neutral axis is in the 
direction of the axis of solicitation. 

It is well known that these two axes 
intersect at the center of gravity of the 
cross section, and have directions which 
are conjugate to each other in the ellipse 
which is the locus of the extremities of 
the radii of gyration. 

We shall assume the known relation 


M=S8SI-~-y 


in which M&M is the magnitude of the 
bending moment, or moment of resistance 
of the cross section, S is the stress on 
the extreme fiber, Z is the moment of in- 


ertia about any neutral axis x, and y is|P 


the distance of the extreme fiber in the 
direction of the axis of solicitation, 7. e. 
the distance between the neutral axis 
and that tangent to the cross section 
which is parallel to x and most remote 








from it, the distance being measured 
along the axis of solicitation. 

Let M=Sm in which m is called 
the “specific moment of resistance” of 
the cross section; it is, in fact, the 
bending moment which will induce a 
stress of unity on the extreme fiber. 


Now I=KA 


in which £ is the radius of gyration and 
A is the area of the cross section. 


Let 


is the specific moment of resistance 
about 2, and when the direction of zx 
varies, 7 varies in magnitude: r is called 
the “radius of resistance” of the cross 
section. The locus of the extremity of 
r, taken as a radius vector along the 
axis of solicitation, is called the “ker- 
nel,” . 

The kernel is usually defined to be the 
locus of the center of action of a stress 
uniformly increasing from the tangent 
to the cross section at the extreme fiber. 
It was first pointed out by Jung,* and 
subsequently by Sayno, that the radius 
vector of the kernel is the radius of 
resistance of the cross section measured 
on the axis of solicitation. This will 
also appear from our construction by a 
method somewhat different from that 
heretofore employed. 

Jung has also proposed to determine 
values of 4, by first finding 7; and has 
given methods for finding r. We shall 
obtain r by a new method which renders 
the proposal of Jung in the highest 
degree useful. 

The method heretofore employed by 
Culmann and other investigators has 
been to find values of & first, and then 
having drawn the ellipse of inertia to 
construct the kernel as the locus of the 
antipole of the tangent at the extreme 
fiber. The method now proposed is the 
reverse of this, as it constructs several 
radii of the kernel first, then the corre- 
sponding radii of gyration, and from 
them the ellipse, and finally completes 
the kernel. In the old process there are 
inconvenient restrictions in the choice of 
ole distances which are entirely avoided 
in the new process. 

Let the cross section treated be that 


P~+y=r, .. m=rA, 





* “ Rappresentazioni fische dei mémenti resistenti 
di una sezione piana.” G. Jung, Rendiconti dell’ Instituto 
Lombardo, Ser. 2, t, IX, 1876, No. XV. ‘Complemento 
alla nota precedente.” No. XVI. 
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of the T rail represented in Fig. 13, 
which is 44x 24 inches and 4 inch thick. 
We have selected a rail of uniform 
thickness in order to avoid in this small 
figure the numerous lines needed in the 
summation polygon for determining the 
area; but any cross section can be treat- 
ed with ease by using a summation poly- 
gon for finding the area. 

To find the center of gravity, let the 
weights w,w, and w,w,, which are propor- 
tional to the areas between the verticals 
at 5,5, and 5,5, be applied at their centers 
of gravity a, and a, respectively; then 
the equilibrium polygon ¢,c,, having the 
pole p,, shows that o is the required cen- 
ter of gravity. 

Let the area b,0, be divided into two 
parts at o, then w,w, and w,w, are 
weights proportional to the areas b,0 and 
ob, respectively; and c,c,c, is the equili- 
brium polygon for these weights applied 
at their centers of gravity a, and @.. 





The intercepts mm have been previ- 
ously shown to be proportional to the 
products of the applied weights by their 
distances from the center of gravity 0. 

We have heretofore spoken of these 
products as the moments of the weights 
about their common center of gravity o. 
But the weights in this case are areas 
and the product of an area by a distance 
isa volume. Let us for convenience call 
volumes so generated “stress solids.” 
The elementary stress solids obtained by 
multiplying each elementary area by its 
distance from the neutral axis will cor- 
rectly represent the stresses on the dif- 
ferent parts of the cross section, and they 
will be contained between the cross sec- 
tion and a plane intersecting the cross 
section along the neutral axis and mak- 
ing*an angle of 45° with the cross sec- 
tion. 

If 6,4, is the ground lime, 5,6, and dd. 
are the traces of the planes between 





292 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





which the stress solid lies on a plane at | o, and its amount is m,m, if measured 


right angles to the neutral axis. 

The distances of the centers of gravity 
of the stress solids from o are also the 
distances of the points of application of 
the resultant stresses, and the magnitude 
of the resultant stresses are are propor- 
tional to the stress solids. The stress 
solids may be considered to be some kind 
of homogeneous loading whose weight 
— uces the stress upon the cross section. 

he moment of inertia Z is the mo- 
ment of this stress with respect to o. 

Now the intercept m,m, represents 
the weight of the stress solid whose 
profile is of,d,. Its point of applica- 
tion is g,, if og,=%0b,. Similarly the 
weight'm,m, has its point of application 
at g, if og,=%0b,. And the weight m,m, 
is applied in the vertical through g, ; for 
the profile of this stress solid is the trape- 
zoid 6,b,d,d,, and g, is its center of grav- 
ity found geometrically. In case the 
area is divided into narrow bands paral- 
lel to the neutral axis the points of appli- 
cation coincide sensibly with the centers 
of gravity of the bands. 

Now take any pole p, and construct a 
second equilibrium polygon ee due to the 
stress solids applied in the verticals 
through 9,9,9,- 

The last two sides em, and e,n, are 
necessarily parallel and have their inter- 
section at infinity, for the total stress is 
a couple. 

The intercept ,n, is not drawn through 
the common center of gravity of the 
stress solids, z.¢., it is not an intercept 
on the line of the resultant stress, but 
since parallels are everywhere equidis- 
tant this intercept is proportional to the 
moment of the stresses about their center 
of gravity; in other words n,n, when 
multiplied successively by the two pole 
distances would be J. We shall not need 
to effect the multiplication. 

Prolong ¢,m, to ¢, on the tangent to 
the extreme fiber and draw e,m, || p,v,, 
then m,m, represents the product of the 
total weight-area w,w, by 0b,=y the dis- 
tance of the extreme fiber, or m,m, is 
proportional to the volume of a stress 
solid whose base is the entire cross sec- 
tion and whose altitude is 5,d,=00.. 

Suppose this stress to be of the same 
sign as that at the right of o, let us com- 
bine it with the stress already treated. 
J ts point of application is necessarily at 





on the same scale as the other stresses. 
Draw 7,¢, || p,m,, then is &, on the verti- 
cal through e, the point of application of 
the combined stresses. But ‘the com- 
bined stresses amount to a stress whose 
profile is included between d,d, and a 
horizontal line through d,, 7.e. to a stress 
uniformly increasing from 8, to 6,; hence 
k, is a point of the kernel as usually de- 
fined. 

If cm, be prolonged to ¢, and we draw 
cm, || p,w,, then m,m, (not shown) is the 
weight of a stress solid of a uniform 
depth 4,d, over the entire cross section; 
and if we draw v,¢, || p,m,, then will 4, 
on the vertical through e, be also in like 
manner a point of the kernel, i.e. the 
point of application of a stress uniformly 
increasing from 8, to b.. 

But now let us examine our construc- 
tion further in order to gain a more 
exact understanding of what the dis- 
tances 7,=:0k, and r,=ok, are. 

We have shown that m,m, represents 
the product of the area of the cross sec- 
tion by the distance 0b, of the extreme 
fiber, z.¢. the quantity Ay,; but n,n, rep- 
resents the moment of this weight when 
applied at &,, i.e. the product Ay,r,. 
Also as previously shown ,”, repre- 
sented J on the same scale, hence 

I=Ay,r,, but I= Ak,’ .. r,=k?+y, 
and 7, is the radius of resistance pre- 
viously mentioned. 

In order to determine the radius of 
gyration k,, which is a mean proportional 
between r, and y,, describe a circle on 
b.k, as a diameter intersecting mm at A 
then oh=hk, the semi-axis of the ellipse 
of inertia conjugate to mm as a neutral 
axis. The accuracy of the construction 
is tested by using 6,4, as a diameter and 
finding the mean proportional between 
ok, and ob,. It should give the same 
result as that just obtained. In our Fig. 
both circles intersect at h. 

It is known from the symmetry of 
figure of the cross section that 4, is one 
of the principal axes, 

In similar manner we construct the 
radius of resistance, etc., when 6,0, is 
taken as the neutral axis. 

Knowing before hand that this line 
passes through the centre of gravity, 
we have taken the weights of the area 
above it in two parts, viz.: that extend- 
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ing from 0,6,, and that from 3,},, and | The two remaining angular points of the 
we have taken w,’w,’ and w,’w,’ respec- | kernel correspond to tangent lines when 
tively, as the weights of these. Choose they just touch the corners of the flange 
wi I pole p,’ and draw the equilibrium |and web, while the intermediate sides 
polygon c’c’: use its intercepts m’m’,| correspond to the angles at the extremi- 


which represent the weights of stress ties of these lines. 


solids, as weights and with any pole p,’ | _ Bate 
construct the second equilibrium polygon | K®®NE%, MOMENTS OF RESISTANCE AND 
e'e’ on the verticals through the points of | INERTIA: FRAME PENCIL METHOD. 
application of the stresses. Also find Let the cross section treated be that 
m,'m,’ the product of the total area by | shown in Fig. 14, which is nearly that 
the distance of the extreme fiber and/ of a 56 lb. steel rail, the difference con- 
make n,’e,’ || p,’m,’; then is &,’ which is| sisting only in a slight rounding at the 
on the same vertical as e,’ a point of the | angles. 

kernel, and ok,’=r,’ the radius of resist-| Let the cross section be divided by 
ance. Use k,’b,’ as a diameter, then 1s | lines perpendicular tothe axis of symme- 
oh’=k,’ the radius of gyration, for | try dd at 6,, d,, etc., then the partial areas 
k,"=ry,’.. With these two principal! and the total area may be found by a 
axes thus determined, it is possible at | summation polygon. 

once to construct the ellipse of inertia.; Take ¢ as the common point of the 
In any case it will be possible to determ- | rays through 0,4,, etc., and make 01, 02, 
ine the direction of the axis of solici-|ete., proportional to the mean ordinates 
tation corresponding to any assumed of the areas standing on the bases 4,),, 
neutral axis by actual construction, it | 0,4,, ete. respectively. Draw s,z, || cb,, 
being simply necessary to find the line | s,2, || cb,, etc., then will the segments of 
through o upon which lie the points of the line w« represent the respective par- 
application of the positive aad negative tial areas, and w,w, will represent the 
stresses considered separately. These | total area. 


axes being conjugate directions in the) Divide the vertical line ww into seg- 
ellipse of inertia, when we have found ments equal to those of the line mm, then 


the radii of resistance in those two is ww the weight line for finding the 
directions we can at once obtain the center of gravity ete. of the cross sec- 
corresponding radii of gyration which tion. Let a,, a,, a,, etc., be the centers 
are conjugate semi-diameters, and so|of gravity of the partial areas, and let 
draw the ellipse. v be the vertex of a frame pencil whose 
After the ellipse is drawn the kernel| rays pass through these centers of 
can be readily completed by making r gravity. Draw the equilibrating poly- 
in every direction a third proportional to | gon dd with its sides parallel to the rays 
the distance of the extreme fiber and of this frame pencil, then the ray vo 
the radius of gyration. parallel to the closing side yy of the 
We are assisted in drawing the kernel | equilibrating polygon determines the 
by noticing that to each straight side of center of gravity o of the cross section, 
the cross section there corresponds a/ according to principles previously ex- 
single point in the kernel, and to each | plained. 
non-re-entrant angular point aside of the} It will be convenient to divide the 
kernel, these standing in the mutual re-| cross section into two parts by the verti- 
lation of polar and anti-pole with respect | cal line 07, which we shall take as the 
to the ellipse of inertia, as shown by the | neutral axis. The partial areas },0 and 
equation KB=ry. |ob, have a,’ and a,’’ as their centers of 
In Fig. 13 the point %, corresponds to | gravity. Make s,z, || co, then w, which 
the left hand vertical side, the point &,| corresponds to u,, divides the weight 
to the right hand vertical side, and the line into two parts, representing the 
sides k,k,’, kk,’ to the angular points at areas each side of the neutral axis, and 
the upper and lower extremities of the | the polygon dd can be completed b 
left side respectively, while the points| drawing d,d, || va,’ and d,d, || va,". It 
k,’k,’ at the very obtuse angular points, has been previously shown that the 
of the kernel correspond to the upper | abscissas yd represent the sum of the 
and lower horizontal sides of the flange. products of the weights (i.e. areas) by 
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their distances from 0; and any single 
roduct is the difference of two success- 
lve abscissas. Project the lengths yd 
upon the horizontal zz by lines parallel 
to yy, then the segments of zz represent 
the products just mentioned. But these 
products are the stress solids or resultant 
stresses before mentioned. Hence zz is 
to be used as a weight line and is trans- 
ferred to a vertical position at the left 
of the Fig. The points of application of 
the resultant stresses may without sensi- 
ble error be taken at the centers of 
gravity @,a,, etc., of the partial areas ex- 
cept in case of the segments of the web 
on each side of o. For these, let og,’ 
=$ob,, and og,'’=$ob,, then g,’ and g,”” 
are the required points of application. 
Now with the weight line zz, which 
consists partly of negative loads, and 
with the same vertex v construct the 
second equilibrating polygon ff, then 
2, f, represents the moment of inertia of 





the cross section, it being proportional 
the moment of the resultant stresses 
about o. It is seen that the sides 7,7, 
and 7, 7, are so short that any small de- 
viation in their directions would not 
greatly affect the result, and that there 
would therefore have been little error if 
the resultant stresses in the web had 
been applied at a,’ and a,”’. 


Again, draw dd, || vb,, then the hori- 
zontal line dw, (=d,d’) represents ay,, 
the product of the total weight w,w, 
(¢. e. the total area of the cross sec- 
tion), by the distance of the extreme 


fiber 0b, =y,. Use this as a stress solid 
or resultant stress applied at o and hav- 
ing a weight 2z,=d,d’, and draw 9 || 2/’,, 
j being at the same vertical distance from 
66 as v is; then is k,, which on the same 
vertical at 7, a point of the kernel. For 
k, is such a point that the product of of, 
(=r7,) by the weight zz,(=Ay,) is 2, f,=Z 
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on the same scale as J was previously 
measured. 

Similarly draw w,d, || vb, and make 
2,2,=d,d,; also draw ik, ||f,2,: then is 
k, another point of the kernel as appears 
from reasons like those just given in 
case of k.. 

Use 3k 


semi-axis of the ellipse of inertia. 


as a diameter, then of is a 
The 


same point fh should be found by using | 


kb, as a diameter. Another semi-axis 


of the ellipse of inertia with reference | 
to 56 as a neutral axis, and conjugate to 
oh can be determined, using the same, 
partial areas, by finding the centers of 
gravity and points of application of the 


| stresses of the partial areas on one side 
|of 5d, the process being similar to that 
employed in Fig. 13, except in the em- 
ployment of the frame pencil instead of 
‘the equilibrium polygon. 
| It is to be noticed that the closing side 
Jz, of the second equilibrating polygon 
Uf is parallel to a resultant ray which 
intersects 5) at infinity, the point of ap- 
plication of the resultant of the applied 
stresses, 7. ¢. the stresses form a couple. 
When the ellipse of inertia has been 
found by determining the magnitude and 
direction of two conjugate axes, the ker- 
nel can be readily completed as has been 
shown in connection with Fig. 13. 


SUPPLEMENTARY NOTE TO THE “NEW CONSTRUCTIONS IN 
GRAPHICAL STATICS.” * 


Attention should be directed to the two 
senses in which M is used in our fundamental 
formulae. 

In equation (3) the primary signification of 
M is this: it is the numerical amount of the 
bending moment at the point O; and if this 
magnitude he laid off as an ordinate, ym is the 
fraction or multiple of it found by equation (3). 

Now M assumes, in the equations (3), (4), (5) 
and (3’), (4'), (5'), a slightly different and sec- 
ondary signification; viz., the intensity of the 
bending moment at 0. The intensity of the 
bending moment is the amount distributed 
along a unit in length of a girder, and may be 
exactly obtained as follows : 


| M= f" Mae, ». 33 (i) =f” Mae. 
Zz 0 


In this secondary sense M is geometrically 
represented by an area one unit wide, and hav- 
ing for its height the average value which 
ordinate ¥, as first found, has along the unit 
considered. 


Thus the M used in the equations of curva- |” 


ture, bending and deflection is one dimension 
higher than that used in the equation express- 
ing the moment of the applied forces; but the 
double sense need cause no confusion, and is 
well suited to express in the shortest manner 
the quantities dealt with in our investigation, 

Furthermore, in case of an inclined girder 
such as is treated in Prop. V, if the bending 
moment M, which causes the deflection there 
treated, be represented, it must appear as an 
area between two normals to the girder which 
are at the distance of one unit apart. 

In order to apply Prop. V to inclined and 
curved girders, such as constitute the arch 
with entire exactness, one more proposition is 
needed. 

Prop. If weights be sustained by an in- 
clined girder, and the amount of the deflection 
of this girder, which is caused by the weights, 
be compared with the deflection of an hori- 





* See Van Nostrand’s Engineering Magazine, Vol. XVI. 


zontal girder of the same cross section, and of 
the same horizontal span, and deflected by the 
same weights applied in the same verticals ; 
the vertical component of the deflection of 
the inclined girder, at any point O, is equal to 
the corresponding vertical deflection of the 
horizontal girder, multiplied by the secant of 
the inclination. 


For the bending moment of both the inclined 
girder and the horizontal girder is the same in 
the same vertical, but the distance along the 
inclined girder exceeds that along the hori- 
zontal girder in the ratio of the secant of the 
inclination to unity; hence the reSpective mo- 
ment areas have this same ratio; therefore the 
deflections at right angles to the respective 
girders of their corresponding points are in 
the ratio of the square of the secant to unity: 
and the vertical components of the deflections 
are therefore in the ratio of the secant of the 
inclination to unity. 

In applying this proposition to the graphical 
construction for the arch, it will be necessary 
to increase the ordinate of the moment poly- 
gon at each point by multiplying by the secant 
of the inclination of the arch at that point. 
This is easily effected when the ordinates are 
vertical by cawing normals at each point of 
the arch; then the distance along the normal 
whose vertical component is the bending mo- 
ment is the value of ¥ to be used in determin- 
ing the deflection. 

In the arches which we have treated the 
rise is so small a fraction of the span that the 
secant of the inclination at any point does not 
greatly exceed unity; or, to state it otherwise, 
the length of the arch differs by a compara- 
tively small quantity from the actual span. It 
is a close approximation under such circum- 
stances to use the moments themselves in de- 
termining the deflections; and we have so used 
them in our constructions. A more accurate 
result can be obtained by multiplying each 
ordinate by the secant of the inclination of 
the arch at that point to the horizon. 
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LIGHTHOUSE MEMORANDA. 


By Captain W. A. JONES, U.S. E., 


Engineer, Sixth Lighthouse District. 


Written for Van NostRaNpd’s MaGaZINneE, 


> 
RANGE LIGHTS. 


A range of lights affords a guide for 
leading vessels through channel-ways 
that has the merit of simplicity and 
precision. It is customary to place two 
lights on the line of prolongation of the 
channel, to be marked with the horizon- 
tal distance between them, so adjusted 
to the distance to any point of the 
channel as to make an ordinary depart- 
ure from the line at once apparent by 
the separation of the verticals through 
the lights. Their angular distance from 


each other in a vertical plane, measured 
from the extreme outward point where a 
vessel would commence using the range, 
is fixed so as to prevent them from ap- 
parently coalescing under the influence 
of the phenomenon of irradiation. 


The rear light of a range should never 


be obscured, because there are so many 
chances of its becoming accidentally ob- 
secured or extinguished, an event which 
might lead to disaster. For a similar 
reason, it would be preferable not to 
allow the two lights to coalesce at any 
point of the range. 

The apparent size of luminous objects 
at night is greater than the actual, in 
consequence of what is termed irradia- 
tion. This phenomenon probably pro- 
ceeds (1) from atmospheric reflection 
from the field adjacent to the line of 
sight, and (2) from the effect of the 
violent contrast between the light and 





its dark background. This produces 
such a vivid image upon the retina of 
the eye that the molecular excitement of 
the nerves probably extends beyond the 
normal outlines of the image. It is 
variable in amount, increasing with cer- 
tain conditions of the atmosphere and of 
the eye, and decreasing with the dis- 
tance. It can be reduced by the use of 
glasses, in proportion to their power. 

Unless the outlines of a luminous 
body subtend a visual angle, large 
enough to render a surface bounded by 
it visible by day, its outline cannot be 
visible at night. The luminous object as 
seen will be made up mostly of irradia- 
tion rays. The visual angle of the sun’s 
diameter is large enough to enable its 
outlines to be seen. The same is true of 
the moon. With the planets, it is too 
small for the naked eye, but large 
enough for a telescope. In the case of 
the fixed stars, it is too small for even 
the most powerful glasses. 

The visual angle between two range 
lights—the rear showing above the front 
—estimated from points along the range 
line, is a variable function. It increases 
in value from a minimum =0 at a dis- 
tance =o from the rear light up to a 
maximum at a point not far from the 
front light, from whence it rapidly 
diminishes to 0 at the point where the 
angle line is intersected by a line through 
the two lights. 

This subject is susceptible of analyti- 
cal discussion as follows: 
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Let bX be the axis of X positive to- 
wards X. 

Let bY be the axis of Y positive to- 
wards Y. 

Let ac be the front beacon. 

Let dd be the rear beacon. 

Let bo be the horizon line through 6. 

Let o be any position, upon the range of 
observer’s eye. 

Let V=dop represent the visual angle 
between the lights. 

Let bo=a and bp=y. 

Draw ps the opening of the visual angle 
v at p. 

Let p represent the angle difference be- 
tween ops and 90° at p. 

Then for all values of v less than 20 
minutes, we will have angle p less than 
10 minutes and cos. p=1, also; tan. 


ps 
V xX op=ps, or, tan. _— 


Now ps=rpd, r being deducible after 
the assumption of «. 

Represent pb+bs=pb+rpd, by a and 
place gx for po, g being deducible after 
the assumption of «. 

We then have ps=a—y and 


Re | 
tan. V= 7° (1) 


From triangles pod and coa we have 
after placing ec for ac 


e:yiia—abic 
Placing / for ab, we have 
cx 


yo —, «+ & 


Substituting in equation (1) we have 
(a—c)x—al 


From this equation the value of v at 
any point can be obtained by assuming 
the proper value for x. 

It is evident that v is not a uniformly 
varying function. To ascertain the loca- 
tion of its maximum and minimum 
values, resume equation (3) and place m 
for a—c. Then differentiate this value 
at tan. v and make the first differential 
coefficient equal to o. This gives 


2ale—mx’?—aP 4 
q(x*—lae)(a’—la)* (4) 
This equation is of the general form 


tan. V= 


S(azx* + ba? + cx® + dx +e) =-0 
which has four real roots corresponding 
to four maximum and minimum states 
of the function tan. V. 

Factoring (4) we obtain 
- =o 
qa? —Lie) (x? — lar) 





(5) 


and 
maz’'—2ale=—al . . (6) 


From (5),2=+0. These two values 
correspond to minimum states of the 
function tan. v. They give in (3) tan. 
v=o orv=o0. That is to say, the visual 
jangle is equal to o at the distances of 
+o from the rear light at 0. 

From (6) we have 
2al al’ 


2? ——r= — — 


m m 





The roots of which are 


e+ —-r a (“) 


m~~ m m 


Two of these are real and positive, 
and two are imaginary depending upon 
the value of 7, the two real roots corre- 
|spond to maximum states of the visual 
}angle v whose value may be found by 
substituting in (3). Resuming the 


al’ al’. 
—_—— + — 
m \m 
and replacing for m the term for which 
it was substituted we have 


, - 
o=ti{ 4/4 +(24) } 
a—c= a—c'\a—cl ) 

The first of these values of 2 is. 
greater than / and the corresponding 
maximum value of v falls on the range 
beyond the front light. 

The second value is less than 7 and 
greater than o for all values of c<a, and 
the corresponding value of v falls, be- 
tween the two lights. 

_There remains to be considered a mini- 
mum value v=o, of the visual angle 
that is not accounted for by equation 
(4). It occurs at the point , where the 
line through the two lights intersects the 
range line 40. Under this condition, 
however, 
* bp=bd, or y=a. 
Which in (1) gives 

tan. v=o. 
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a minimum state of the function. 

Now equation (4) is derived from (1) 
by substituting therein a value for y, 
hence the present condition is such that 
(4) can have no existence, and therefore 
it should not account for this particular 
state of the function. 

In the foregoing discussion, the curva- 
ture of the earth is not taken into ac- 
count, since the results will be found 
sufficiently accurate for practical pur- 
poses, and the general conclusions are 
not affected by it. 

Owing to the apparent increase in size 
of a light affected by irradiation, two 
lights of a range will coalesce unless 
they be displayed under quite an appre- 
ciable visual angle. Upon the establish- 
ment of this angle at a minimum con- 
sistent with the separate distinction of 
each depends, very largely, the econom- 
ical construction of rear beacons, es- 
pecially for ranges that extend to long 
distances from the lights. Indeed, be- 
yond even a moderate distance, the con- 
ditions require the construction of a 
rear beacon of extracrdinary height. 
On flat coasts the difficulty can be over- 
come and ranges of extreme length es- 
tablished by using for the rear beacon 
twin towers disposed symmetrically on 
either side of the range line, so as to 
show a horizontal visual angle between 
the front light and each of the rear 
lights on the starboard and port hand. 
The rear structures can then be made at 
minimum height. This is an important 
consideration when we consider that the 
cost of constructing towers increases 
very rapidly with increments of alti- 
* tude. 

The three lights can be of the same 
color, as no practical difficulty will be 
experienced in distinguishing the one in 
front from those in rear. 

The minimum visual angle can only 
be determined by a careful series of ex- 
periments, so as to introduce all possible 
elements of its variation. In the French 
Lighthouse service numerous experi- 
ments have been made, and the result, 
as announced by Reynaud, is that angles 
of 15 minutes for the lst, 2d, and 3d 
orders, and 8 minutes for those of lower 
orders can be relied upon. In the prac- 
tice of the U. 8. Lighthouse Board, 
angles of 3 and 34 minutes have been 
found sufficient for range lights. Some 





observations recently made by me upon 
the two first order lights at Nevesink 
Highlands, New York Harbor, point to 
a possible reduction below these figures, 
and also indicate that the effect of irra- 
diation decreases with the distance. 
This latter would seem almost obvious, 
since the rays reflected from the field 
adjacent to the line of sight should be 
rapidly dispersed with increments of 
distance, and as the power of a light 
decreases under the same condition, its 
contrast effect upon the retina of the 
eye should be correspondingly reduced. 

The minimum visual angle should be 
established for the extreme outside point, 
where the range may be used. 

Where the channel is sufficiently wide, 
the rear light is sometimes allowed to 
coalesce with the front along the extreme 
outer portion of the range, but the range 
line must be so disposed as to permit the 
requisite angle for separate distinction to 
be opened on either hand before the 
border shoal is reached. The following 
discussion will illustrate: 

The figure is on a plane through the 
vertical line of the front light and per- 
pendicular to the vertical plane of the 
range line. 


Let a be the position of the front light. 


Let 5 be the position of the rear light 
projected upon this plane, by. a 
line through the point on the 
range where the visual angle is a 
minimum for separate distinction. 


Let b,...06,...6,... be assumed 
positions of 5 under a smaller 
angle. 

Let 68... 5,8,...5,8,... be ap- 
proximate positions of the lines, 
over which the rear light will ap- 
parently move as observer’s eye 
passes to same side of range line. 

Let f,... 8... B,... be points 
on these lines where it will give a 
visual angle sufficient for separate 
distinction. 

Let v...U,...U,... represent the 
visual angle when the rear light 
is at b...0 coe IO 
spectively. 

Let d represent the distance from the 
front beacon to the assumed posi- 
~_ of observer’s eye on the range 
ine. 


‘ey 





LIGHTHOUSE MEMORANDA. 




















Now, at this distance we have within 
the limits of practice 


ab=tan. V. 


Whichever of the above positions be 
assumed for the rear light the distances 
ab,...ab,... will be equal to the 
sines of angles of which 0,6, .. . b,f, 
. . . are the ‘cosines, and therefore the 


latter can be obtained from the known 
relation between sine and cosine by 
assuming values for ab,...ab,... 
Thus: if ab,=4ab the value of 6,4, will 
be 0.866 ad. Knowing 6,6, ... ete, 
the width of the belt at any point of the 
range outside of which the two lights 
will appear separately distinct can be 
obtained as follows: 





In this figure, which is a plan of the 
range bo, @ is the position of the front 
light, } that of the rear light, o the posi- 


Channel 


light, and p the point of the shoal on the 
starboard hand going towards the lights. 

Take the triangle 40’ in the plane 
tion of the observer’s eye on the range! through the front light and the line 0f’ 





300 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





which is perpendicular to 0. In this | 


triangle we have 
ba: bo: : af, : of 
But af,=0,8, (Fig. 2) 
box Bb 
P am ot 
ats ba 


Therefore 


The following example of one of the’ 








two ranges proposed for Port Royal 

Harbor, South Carolina, will illustrate 

the general subject: 

POQ... Curve of the earth’s surface. 

OC’... Front Beacon. 

BC ... Height on rear Beacon intercept- 
ed by ray of light aC’ from ob- 
server’s eye at a. : 











Do is the vertical at a, AB is the hori- 
zon line through B, ad’d is parallel to} 
AB, ad is perpendicular to AB, BC and | 
OC’ are prolonged to } and 0’ on ab. 


oa=15 feet=height of observer’s eye 
above the sea. 

DC’a=Aad=Dip of the horizon. 

Ao=Curvature correction. 

ad=Aa cos. Aad. 

Cos. Aad=1,000 for all angles less than 
10", 

Therefore, ad=Aa for all angles less 
than 10”. 


PARIS ISLAND RANGE (Fig. 4) 

Bo=13}? miles, B’o=12} miles, OC’= 
45’, The value of OC’ is found from 
the table of corrections for curvature 
and refraction. B’C’=45’—1./5=43.’5. 
Ao = difference of level = 107’. DO’a 
=6™368, therefore ad=Aa. ad=B’d’ 
=Bdb=107'’—15’=92’ 8’C’ = B’C’ + B’)’ 
=43.'5 + 92'=135.'5, ad=Boxg. ab’= 
B’oXqg. From triangles aC and ab’C’ 
we have 

30 te XY'C’_Boxgx0’O’ 
~ ab ~ Bloxg 





=152.'1 





BC=8C— Bé= 152.'1—92’=60.'1. 

A visual angle of 3 minutes has an 
opening of 63’ at a distance of 133 
miles, therefore we have 
Height of rear beacon = 60.'1+63' = 
123.'1 above the sea level. 


II. 


DISTINCTION 
AND TOWERS. 

It is quite desirable that some means 
of distinction should characterize any 
system of lights so that as soon as, or 
shortly after, a vessel comes in sight of 
any one, either by day or night, its local- 
ity will be clearly announced. Such a 
system naturally separates itself into 
two parts, viz., day-marks (1) and lights 


(2). 
DAY MARKS, 


The most effective means of marking 
a tower so that it may be distinguished 
and characterized by day, is by showing 
upon its surface a certain marked color 
or contrast of colors. Experience shows 
and the laws of optics also teach us, that 
for long distances, the only satisfactory 
colors for this purpose are black and 


NUMERICAL OF LIGHTS 
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white. There is a varying limit beyond 
which the light from colored objects 
ceases to be reflected, and the objects 
will thereafter appear black. hite 
rays are generally thrown as far as the 
outlines of a tower will show, but not if 
they are reflected from a surface in 
strong shadow. 

Within the limits of its range, red is a 
very strongly marked color. 

xperience further shows that color 

contrasts on towers are most readily ob- 
served when shown in alternating hori- 
zontal bands. The minimum width of a 
band will be the diameter of the tower 
where it is placed. A black band of 
width equal to the diameter of the tower 
will appear as soon as the outlines of the 
tower become visible, provided, the dis- 
tance be not so great or the conditions 
such that the white rays from the ad- 
jacent contrast bands have not been dis- 
persed by the atmosphere. 

With the foregoing considerations in 
view, I have arranged the following 
system for coloring towers as day-marks: 


SYSTEM FOR COLORING TOWERS. 

(Represent white by 1 and black by 2.) 
(1) 2 bands at top of minimum width.... 1-2 
(2) 2 2-1 
(8) 3 2-1-2 
(4) 3 2-1-1 
(5) 8 2-2-1 
(6) 3 1-2-1 
(7) 3 1-2-2 
(8) 3 1-1-2 
(9) 4 1-2-1-2 
(10) 4 1-1-2-2 
(11) 4 1-2-2-1 


ce ee ee 


all black. 
all white. 


No occasion need be found for using 
more than four bands. 

The lantern and gallery should always 
be black when the background is sky. 

The bands are all at the top of the 
tower and are enumerated from the top 
downwards. Below the bottom band, 
the tower should be colored in contrast 
with it, thus: black, if the band be 
white, and white, if the band be black. 

Selection from the above list will have 
to be guided and varied by the back- 
ground upon which the tower is project- 
ed. It affords ample variation for the 





most extended coasts, since repetition is 
perfectly allowable beyond reasonable 
distances. 

For short range harbor lights, ample 
distinction can be secured by coloring 
the towers all red, or white, or black. 


LIGHTS, 


The most satisfactory light is a fixed 
white varied by flashes. The flashes 
should be white, but may be red where 
the range is not great. A flash can be 
seen much farther and is picked up with 
more readiness than a fixed light, but it 
is difficult to keep the eye fixed upon it 
when there is much interval or any con- 
siderable motion of the vessel. This 
difficulty is obviated by associating a 
fixed light with it. A combination is 
thus afforded that can be observed with 
ease and precision. Simple flashing 
lights that flash at intervals exceeding 
1.5 minutes are somewhat objectional as 
it is rather difficult to keep the eye fixed 
upon them at long range in rough 
weather. 

It should be observed, that at lon 
range a red light can be idteonuhal 
by its color only with extreme difficulty 
and often not at all. 

These considerations lead to the fol- 
lowing system for the numerical dis- 
tinction of lights. 


SYSTEM OF LIGHTS, 


(1) Fixed varied by single flashes...... 
(2) double ‘ 
(3) single and double flashed. .1- 
(4) “c “ 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

(11) 


_ 


~ 


yr 


“< 


[i] 


_? 
wore 


ef | 
ee 
cae 
Vb wd 
| | 


ugg a 


Pry 
re 


The different apparatus of this system 
can be timed so as to show the flashes 
and the long and short darks at the same 
intervals of time, thus affording perfect 
uniformity and simplicity. The system 
is capable of producing an ample number 
of variations without going beyond 
four-group flashes. 

In most instances the group numbers 
of both the flashes and colored bands at 
a tower can be the same. 
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RELATIVE DURATION OF FLASHES AND 
ECLIPSES IN REVOLVING LIGHTS, 


Let ABCD... be the plan of a por- 
tion of a flashing lens apparatus of any 
number 7 of sides, the flashes and eclipses 
being produced by the revolution of the 
whole apparatus about its axis at O. 

On the line OX, perpendicular to BC, 
take L at any distance x from the light. 

Draw BP and CQ perpendicular to 
BC and CR perpendicular to CD. Draw 
through L a parallel to BC and from P 
and Q where it intersects BP and CQ, 
draw PO and QO. Also take OR=OQ. 

Then PBCQ will be part plan of one 
of the spaces covered by the flashes, and 
QCR part plan of one of the spaces 
anal by the eclipses as the apparatus 
revolves about its axis. This, of course, 

supposes the light at O to be concen- 
trated in a point. ‘ 

Let 6=BOO="—~, and =POQ be 
any angle interval of the flash at any 
point. Also let ¢’=QOR be the corre- 
sponding —_ interval of the eclipse. 

e angle BOC=QCR= POR, 

(1) 


or, 6=¢+y’ 
From triangle POL, we have tan. 


PL 
POL= OL 








Placing a for PL=4PQ=4BC, and 
representing Lr by x’ and Or by R, Or 
being the radius of the apparatus=OC, 
we have 

a a 


tan.$¢ = s* Siz 


From (1) we have 


y= A0—Y¢ - 


From (2) it appears that as x increases, 
¢~ decreases until z=o when D=o. 


When z=R, tan. 4 v=) and ¢=0. 


From (3) it is evident that when ¢=0, 
¢’=0, and when ¢=9, ¢’=0. 


From (2) and (3) we can obtain the 
value of ¢ and ¢’ at any distance by 
assuming 2, when the dimensions of the 
apparatus are known. 

The values of ¢ and ¢’ in seconds of 
time, or the duration of the eclipse and 
flash, at any distance from the light, can 
be obtained by applying to the deduced 
values the ratio between arc and time, 
when » and the time of a complete 
revolution are known. It will be seen 
from the foregoing discussion, that the 
duration of the flashes and eclipses of 
any revolving light varies with the dis- 
tance of the observer from it, and that 
the proper method of observing these 
intervals is to estimate from the begin- 
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ning of a flash to the beginning of the 
one next following, or, from the middle 
of a flash to the middle of the next fol- 
lowing. Also, that any reference to the 
duration of a flash or eclipse should be 
accompanied by a statement of the dis- 
tance. A good expression for character- 
izing the time feature of revolving lights 
would be: Flashes commence at intervals 
of * * * 





EW. 
VERTICALLY PROJECTED LIGHT. 

If a lens were so arranged as to throw 
a portion of the light as a vertical, or 
nearly vertical, beam, this beam would 
probably be visible at very great dis- 
tances, especially in thick or cloudy 
weather, when the rays would be re- 
flected from the vapor particles at great 
elevation. 





CERTAIN DISCREPANCIES IN THE COMPUTATION OF THE 
POST TRUSS. 


By CHARLES H. TUTTON, 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


AN application of the Graphical Analy- | exactly in accordance with the graphical 
sis presented by the writer, inthis Maga-|method. To show the discrepancies 


zine for Nov., 1877, to the truss below more clearly, I will take a strain sheet of 
represented, yields some curious facts.) the Watson Mf’g. Co. calculated from 
In order to avoid diagrams, which any | their data, and place their results side 
one may construct by paying attention by side with those obtained in accord- 
to that article, the results given in this | ance with the graphical method. 


article are arrived at by a calculation, It may be proper to state, however, 


v0 1 2 f 
| \ \ i x 
A B C a P 


D 








that from the compound nature of this} braces, and the second of posts 5F’, 
truss all results must be based on certain |4E, 2C, 0A and connecting braces. The 
suppositions. As the writer cannot | loading and dimensions are as follows: 
agree with Col. Merrill and others wae | 

treat the inclined posts as counter braces,| Height of truss, 28’6"; No. panels, 11; 
the supposition employed will be that | length of panels, 19.0 ft.; dead load per 
the truss may be divided into two sim-|foot (two trusses), 950 lbs. =475 per 
ple systems. Considering the truss |truss; live load per foot (two trusses), 
loaded and the load moving off to the | 2240 lbs.=1120 per truss; panel weights 
right, the braces, and, in fact all of the| per truss, dead, 9025 lbs.; live, 21,280 
truss on the right of the center except|lbs. By the method of procedure em- 
the post 5F” is common to both systems. | ployed in the Graphical Analysis, before 
On the left, the first system is composed | referred to, we find the following result- 
of posts 5F, 3D, 1B, 0A and connecting | ing strains: 
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STRAINS IN LOWER CHORD. 
AB = 50510 lbs. Watson 50510 
BC =101020 * - 101020 
CD =171732 1717384 
DE =242444 242448 
EF =272749 272754 
FF’ =303054 303060 
IN UPPER CHORD. 
01=141426 Watson 
12222240 a 
23=262647 . 262652 
338= 303054 . 303060 
Showing so far no discrepancy. 


141428 
222244 


STRAINS IN DIAGONAL TIES. 
95824 Watson 95823 
85702 - 85714 
88438 85714 
48322 51068 
53794 56542 
16423 27370 
27352 27370 


3650= 16411 before“ 16422 
countering. 


STRAINS IN POSTS. 
OA =159707 Watson 159705 
1B = 65922 _ 63882 
2C = 36022 - 38061 
3D = 40098 - 42141 
4E = 12248 ” 20400 
5F = 20389 - 10200 


It will be observed that there is a 

eat discrepancy between these results 
in the,web members especially at the 
center of the truss. 

These results are derived from the 
supposition that when the truss is uni- 
formly loaded, the strain through braces 
OB and @C are at their maximum and the 
load passing off relieves them, as in the 
Graphical Analysis. 

It shows that when the load throws the 
maximum strain on 5E that the vertical 
force at 5, instead of being divided 
equally between posts 5F and 5F’, sends 


through 5F’ only ~ of a panel weight 


(m being the number of panels in the 
truss) of live load, while all of the re- 
maining stress passes through post 5F. 





As to the correctness of this method, 
it is left to others to judge. It is given 
here, as I was informed once of a bridge 
failing under circumstances which this 
view would indicate as possible, and I 
regret that I have mislaid the paper 
which contained its locality. 

Referring again to the article quoted, 
it is but justice to state that the method 
then employed, and the combination of 
different loads in one general reaction or 
“force polygon,” was suggested to me 
by seeing some lectures of Prof. Chas. 
McMillan, now (I believe) of Princeton 
College, N. J., and the method was not 
given as original with myself, but as an 
improvement (fancied so at least) over 
already existing, though so faras I am 
aware, unpublished methods. He also 
pointed out its generality of application 
in 1874. 

The modification suggested by Prof. 
Fletcher in Engineering News for Jan. 
17, 1878, has been employed by myself 
and others for nearly a year preceding 
the publication of the article. It was 

iven as a purely graphical method, leav- 
ing out many simplifications which were 
self-evident, in order to make the “ modus 
operandi” clear to a beginner as well as 
to the more proficient. 





ape 


Tue Lifeboat Journal thinks the time 
has come for a revision of the night sig- 
nals established by the Merchant Ship- 
ping Act, 1873, and defines the principles 
which, it thinks, should be kept in view 
in any such revision, in the following 
sentences : 

“(1) It is indispensable that signals of 
distress should be few in number, and 
readily distinguishable from all other 
signals, especially those shown in the 
night, since persons having to interpret 
them on the land would, in general, have 
no code of signals to refer to, but would 
have to trust their memories alone. 

(2) They should not be of an ex- 
pensive or unwieldy character, or of a 
kind requiring skillfulness in their use, 
or they would not be available for all 
classes of vessels, 

(3) It would be desirable, as far as 
ae to utilize articles already on 

oard rather than to provide new ones 
unavailable for any other use.” 
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PLOWING BY STEAM. 


By D. D. WILLIAMSON.* 


Contributed to Van NostTRaNnp’s MAGAZINE. 


Perunaps no branch of engineering has 
been more fascinating to mechanical en- 
ineers than that of steam plowing. 
he thought of inventing an implement 
which would supersede the common 
low and revolutionize a process which 
is older than Christianity itself has, for 
many years, stirred the hearts and brains 
of ingenious men and incited them to 
patient labor and extraordinary effort. 
None have struggled more with this prob- 


lem or met with greater disappointment | 


than American engineers. The cheapness 
of our prairie land; the size of our farms; 
their natural adaptation to steam culti- 
vation; the high cost and uncertainty of 
labor and many other reasons made it 
appear probable that this country would 
. bring forth the steam plow and perfect 
it. The records of the Patent Office 
show how many men thought they had 
accomplished it. The fact that, in the 


year 1870, not a steam plow was practi- 
cally working in the country proved the 


value of these patents. I’rom among 
the many steam plows which were 
actuaily tried, and which gave promise 
of success, the Fawks and the Locher 
were perhaps the best. Fawks antici- 
pating the prime trouble of all traction 
engines, viz; that of keeping the driving 
wheels from being buried by the weight 
of the engine whilst passing over soft 
ground, adopted the novel idea of using 
one driving wheel the entire width of his 
engine, and to facilitate its turning, 
shaped this long roller like a barrel, 
having the outer ends of less diameter 
than the center. The engine seems to 
have progressed fairly on dry ground 
and drew several plows which were hung 
from a gallows frame in the rear. Ina- 
bility to generate steam sufficiently, 
which is the second grand difficulty with 
traction engines, prevented any continu- 
ous plowing. Before the engine could 
get across the field the incapacity of the 
boiler would bring the whole to a stand 
still. The barrel-shaped driving wheel 


* Read before the New York Society of Practical En- 
gineering. 


Vou. XVIIL—No. 4—20 





‘of California. 


or roller, proved of no use in wet clay. 
To gain adhesion and prevent its useless 
revolving as it slipped in the wet soil, 
stout battens or strips of wood were 
fastened to the face of the roller so as to 
grip the earth and prevent the slip. 
These, however, held so well that the 
engine had not power enough to turn 
them. To have gained greater power 
would have necessitated increased weight 
and the weight was already sufficient to 
bury the engine hopelessly. at almost 
every trial. ‘The experiment was, there- 
fore, abandoned. From later experience 
it is evident that Fawks had only just 
entered upon his troubles, for he had 
not worked his system sufficiently to de- 
velop the crowd of difficulties which 
awaited him. 

Locher chose a much more favorable 
field for his operations, viz; the dry soil 
His engine was more of 
the usual type of Traction engines, and 
was fitted with compensating gear which 
enabled it to turn whilst drawing its 
load. The details of the engine were, 
however, very rough. The special 
feature was the revolving diggers which 
worked behind, and which were driven 
from the same shaft as the driving 
wheels. It was claimed that these dig- 
gers helped very materially to propel 
the engine over the ground. The style 
of cultivation was, however, very pecu- 
liar and raised the objection that the 
huge clots of earth which were thrown 
from the diggers were not pulverized, 
and, consequently, the field was not in a 
condition to receive the seed. Although 
Locher deserves great credit for his in- 
genuity, the early abandonment of his 
machine was an evident sign of its unfit- 
ness for its work. It would have been 
interesting to have had some trials with 
the revolving diggers in soft earth. The 
presumption is that the engine would 
have stood still whilst the diggers would 
have dug a trench in which the whole 
would have settled. Of the more recent 
attempts may be mentioned, the Parvin 


‘motor which was simply the Boydell sys- 
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tem, which had been tried and abandoned | 


in England many years ago. ‘Traction 
was obtained by an engine mounted on 
a revolving platform, not unlike in ap- 
pearance toa portable horse power. A 
series of slats of wood the width of the 
engine and separated a few inches from 
each other secured to endless chains, re- 
volved over drums at each end of the en- 
gine, and slowly moved the same. The 
friction was, however, enormous, and the 
power required to move the large bear- 
ing surface which was in contact with 
the earth, proved, as in Boydell’s experi- 
ments, out of all proportion to the total 
power, and, consequently, left too little 
power for useful work. The plows were 
arranged in a frame at the rear of the 
machine somewhat like Fawks, So 


small an amount of plowing was done by. 
this system that no record is left of the 


manner in which it overcame the diffi- 
culties of continuous plowing. Boydell 
had hauled plows quite successfully so 
long as all the conditions were favorable 
for his machine, but when the question 
of expense, the quickness of turning, the 
unevenness of the ground, and the break- 
age were taken into account, the im- 
practicability of the machine was so ap- 
parent that it was abandoned. As Par- 
vin’s was no improvement on the Boydell 
system its life seems to have been quite 
as brief. 

The Redmond engine which is a copy 
of the Bray engine, also patented and 
abandoned in England many years since, 
depends for adhesion upon diggers which 
are pushed out from the center of the 
drivers and then withdrawn as the wheel 
revolves, very much like the patent 
buckets of some of the English side 
wheel steamships. With the ground 
just in the right condition they work 
well enough, but if the soil was hard the 
whole engine walked on its rim tip-toes 
very much to their damage. With soft 
earth the toes or diggers quickly dug 
holes under the driving wheels until the 
‘engine sat upon the ground, when all 
traction ceased. It was proposed by 


Redmond to draw some kind of a gang) 


plow behind his engine. The only ex- 
periments made public were those in 
which several men held ordinary plows 


which were hitched to the engine as to a 
horse, and which were drawn across the 
‘had been attempted before in either 


field, but not turned. 


There may have been other systems, 
but it is believed that the foregoing com- 
prises the best of those which were 
actually in the field. 

Dudgeon, Fisher and others had pro- 
duced quite successful light traction en- 
gines which ran well on McAdamised 
roads, but none of them were designed 
for the more difficult work of plowing. 
The great question of maintaining ad- 
hesion on slippery fields—of working in 
soft earth—of keeping up steam to a 
full working pressure during the entire 
day—of carrying supplies of fuel and 


'water—of durability—of accurate steer- 


age and rapid turning, had scarcely been 


entered upon by any of those whose 


attempts have been named. Naturally 
with the spasmodic efforts of the engine 
the great problem of the construction of 
suitable plans had no chance of solution. 
The failure of the engines had precluded 
the necessity for attacking the question 
of the work they were to do, and engines 
and plows went-down into a common 
grave together. In the year 1869, I saw 
a Thomson Road Steamer, with its broad 
rubber tires draw a train of heavily 
loaded wagons over a soft wet field in 
Scotland. I rode upon the engine when 
it drew the same load through the yield- 
ing deep sands on the shore of the Firth 
of Forth, and when it climbed the steep, 
slippery streets of the old town of 
Edinburgh. I spent many days with it 
striving to find a fault with its peculiar 
tire, but the more I examined its work- 
ings the more I was convinced that its 
camel-footed, elastic tread solved the 
great question of maintaining its foot- 
ing, whilst working in soft soil and draw- 
ing plows behind it. Having arranged 
for the right to work under the Ameri- 
can Patents, | imported an engine from 
Scotland in 1870, and commenced a 
series of experiments with it. Whilst 
the rubber tire did all and more than I 
had expected, I found the difficulty of 
maintaining steam a most serious draw- 
back. Calling to my aid some of the 
best engineering talent in the country, I 
succeeded, in 1871, in producing what 
was afterwards known as the “ William- 
son Road Steamer and Steam Plow.” 
The engines were built by the Grant 
Locomotive Works of Paterson N. J., 
and were far ahead of anything which 
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hemisphere. Boilers, shafts and gear- 
ing of steel, and the exactness in work- 
manship of the finest express locomo- 
tives, gave them the perfection of 
strength with the minimum of weight. 
With all the costly experience of the 
past four years it can be safely said that 
no more perfect engines could be pro- 
duced to-day. With their peculiar 
boilers steam was made with such 
rapidity that no difficulty was found in 
maintaining it at 120 lbs. pressure, with 
the valves wide open and the engines 
making 300 or 400 revolutions per min- 
ute. A brief description of the engine 
as finally completed may be of interest. 

The entire engine which was only 13 
feet long by 6 wide, was mounted on 
three wheels. The drivers which were 
so placed as to take nearly the whole 
weight were six feet in diameter, with a 
tread of 12 inches. The third wheel 
was about half the size of the drivers, 
placed at the extreme front in a fork, 
and being worked by a sector and un- 
even wheel steered the engine with per- 
fect accuracy and with very little effort. 
All three wheels had tires of a peculiarly 
compounded and vulcanized india rub- 
ber, made in a single ring 12 inches wide 


and 5 inches thick. Side flanges pre-' 


vented these from slipping off, whilst 
a great number of holes in the tread of 
the wheel into which the rubber was 
forced, as the weight was upon it, pre- 
vented in a great measure their slipping 
around. Outside of this rubber tire was 
a chain of endless steel plates which re- 
volved with the wheel and which sink- 
ing into the rubber as it came in contact 
with the ground preserved it from all 
harm. It may then be properly men- 
tioned that whilst many supposed that 
the rubber would be quickly worn out, 
no difficulty was ever found on that 
point, and a set of tires which had run 
in hard work over all kinds of roads and 
fields, over 3,000 miles, when taken off 
and examined were scarcely marked, 
and there was no reason to doubt but 
that they would outlast the boiler and 
engines. 

The vertical boiler which was of steel, 
was 3 feet in diameter with 120—14 
inch tubes, and with the most perfect 


roportion of water and steam space. 


t supplied steam to two 6X10 inch 


cylinders, the valves of which were| 
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wrought with a link. The throttle valve 
and reversing handle were within handy 
reach of the engineer as he worked the 
steerage. On the crank shaft was a 
pinion which geared into a spur wheel 
on an intermediate shaft, and on the 
ends of the latter shaft were sliding 
clutch pinions which engaged racks 
bolted to the inside of the drivers. 
These clutch pinions were worked by 
handles at the side of the engineer’s 
seat. The crank shaft was provided 
with the same arrangement of clutch 
pinions, thus giving the engine two 
speeds. The quick speed which was 
about 6 miles per hour, was for road 
service—the drivers turning once to 
every six revolutions of the engine. The 
slow speed for plowing was 24 to 3 
miles, requiring 18 revolutions of the 
crank shaft to 1 of the drivers. The 
latter gave the enormous tractive force of 
about 8000 Ibs., equal to that of say 40 
horses. Either driving wheel could by 
the same handles be entirely disengaged, 
so that the engine could turn in its own 
length. Tanks which hold 300 gallons 
of water and bunkers containing half a 
ton of coal were conveniently disposed. 
The weight of the engine was six tons, 
and whilst ample strength was secured, 
there was not a superfluous fund of 
metal. This is an important statement, 
for it is acommon belief that a traction 
engine for drawing plows, can be made 
as light as a fire engine. 

Two of the engines were sold to 
parties in Great Britain and are being 
worked as road engines. Being of 
American build they have naturally 
been very closely criticised, and it has 
been freely conceded that no such perfect 
engines have been made in that country. 

A number of plows were tried, The 
latest of which made after two years of 
hard experience, consisted of six steel 
plows on a diagonal beam mounted on 4 
cranked axle. One wheel on this axle 
ran in the furrow and the other on hard 
ground. A small swivel wheel in front 
kept the whole steady. A lever on the 
axle which was operated by a rope lead- 
ing to the fireman at the rear of the en- 
gine engaged the plows or threw them 
out of action immediately. The plows 
were also adjustable to run at any depth. 
They were hinged on the beam, and 
secured by a brace having a safety pin 
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of known strength. In case of striking 
a bowlder or land-fast stone the 
safety pin broke and the plow turning 
back on its hinge escaped all injury. 
The time lost in remedying such a break 


They also used their engine for drawing 
manure from their docks on the Dele- 
ware to the fields, taking up to 9 tons at 
once. In other parts of + the country 
they were introduced with every pros- 


was not over one minute and the cost pect of success. Difficulties which arose 
not over a couple of cents. During the were mostly overcome and it was 
first year’s experience every such acci-| believed that their permanent success 
dent cost a plow. |was assured. The rubber tires worked 

The breaking plows were attached toa charm, and so long as the ground 
loosely to a triangular carriage, and | was dry enough for horses to plow the 
having broad soles did not need the steamer would hold its own. The turn- 
rigid connection necessary for stubble | ing at the ends of the field was by prac- 
plows. As soon as the engine started tice reduced much below that accom- 
each plow took its line of draft and | plished by teams in actual competition. 
turned its sod, 20 inches wide, and often | But now came a new test-that of plow- 
30 feet long without a break. One of ing loose soil which had been baked to a 
the main objects of this loose connection | dry powder by the fierce heat of our 
was to enable a plow to be immediately summer sun. And here is where an 
detached in order to sharpen it. It re-| entirely new and fatal objection arose 
quired the services of one man to sharpen | which had never before presented itself. 
the plows, and there being extra plows|The dust, which was stirred up and 
the full number of five were always at | scattered by the driving wheels com- 


work. No better sight could be offered | bined with that made by the plows, en- 


a farmer than to see these fine green 
waves following in the wake of the 
steamer, 

The first really great achievement of 
the Williamson Steam Plow was in the 


testing trials of one sold to Col. Thomp- 
son of Minnesota, when with a gang of 
five 20 inch breaking plows, it actually 
plowed four acres in an hour of virgin 





prairie. The power exerted may be esti- | 


veloped everything so that the engine 
moved in a dense cloud. The driver 
and fireman could not be recognized. 
The “dust-tight” joints of the engine 
covers proved of no avail, and instead of 
ten hours of work being accomplished 
per day in plowing, but one half were 
so occupied, whilst the other five were 
required for cleaning the engine. Even 
this division of time was not the only 


mated from the fact that a 20 inch | loss, for the engines were cutting them- 
breaking plow is usually drawn by four | selves to pieces and every bearing, how- 
yoke of oxen, and the amount plowed is ever well guarded, was heating and 
not over an acre per day. Of course the | wearing. After fighting the dust bravely 
four acres per hour was an extreme fora long time, trying in every way to 
amount, but Col. Thompson afterwards | protect the machinery from its disastrous 
reported 30 acres per day of 10 hours as effect, it became evident that the objec- 
being the regular work of the engine. | tion was to a certain extent fatal. The 
One of the engines was taken by Messrs. | same difficulty would present itself every 
Landreth & Sons, on their celebrated | year in most parts of the country. This, 
seed farm in Pennsylvania. The pecu-| coupled with difficulties inherent in any 
liarity of their special crops required a system of steam plowing, and which will 
continued shifting of their work, and | be noticed hereafter, caused the reluctant 
the ability of the engine with its plows | abandonment of the enterprise. The 
to go from one field to another was of engines and plows had abundantly ac- 
great importance. In addition to the |cqmplished all and more than had been 
low furnished with the engine, the | expected of them at the time they were 
Messrs. Landreth constructed a very in-| built, but they had also, unfortunately, 
genious cultivator for — the sub- | developed the fact that there were not 
soil without turning it up. It worked | enough farmers in this country able to 
admirably, thoroughly breaking up the | purchase such very expensive machinery 
hard pan and loosening the soil to a depth | to create a demand large enough to make 
of 14 inches. It made a heavier draft | their construction a profitable business, 
on the engine than did the gang plow.|even if the dust difficulty and other 
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objections could by further experiment 
be overcome. To be sold at reasonable 
rates the engines would have to be made 
in series of at least ten at one time, for 
there was much more work upon them 
than on locomotives. 

It may be asked why confess that the | 
hard work of five years and the expendi- 
ture of so many thousands of dollars had | 
resulted in a partial failure? One an-| 
swer is that many of the objections) 


The first mentioned requires at least five 
and often seven hands and four horses, 
and could not be laid down on a farm in 
America for less than $12,000 to $15,000 
cash. The second is worked with one 


_or two hands less, and would cost about 


$6,000 to $7,500 when ready for work. 
t, however, requires a much longer time 
to set to work and to take up than the 
double engine system. 

The traction engines used with the 


could not be seen at the start, and indeed | direct tackle are very large and power- 
required all that time and money to/ful, weighing from 15 to 20 tons each. 
develop them. Another answer is that|They are fitted with winding drums 
every engineer or manufacturer, engaged | under their locomotive boilers, which 
in so important an enterprise as steam | are driven by bevil gears from the crank 
plowing owes it to the hundreds of in-| shaft. A clutch throws the road gear 
genious inventors who may follow him | into action, and the engine moves just the 
to give the results of his experience, be width of the plows and stops. The 
they successes or failures. In no other| winding drum then revolving draws the 
way will coming men take up the work | plow towards it. Meanwhile the engine 
where others leave off, but they will go on the opposite headland moves into 
over the same ground, which will lead | position and in turn draws the plow on 
only to disappointment and loss. No | its return “bout.” The plow which is 
other American ever built ten engines,| very heavy and cumbersome, consists of 
or had such a large experience. Never | two diagonal beams balanced on a pair 
did engineers and agriculturalists of such of wheels. On one beam are the right 
ability assist so heartily to command hand plows, and on the other the left 
success, and in no country were the trials hand plows. It has the advantage of 
conducted with more perseverance and/leaving no dead furrows. It has, how- 
conscientiousness. /ever, no provision for avoiding a break- 

Plowing by direct traction not being age in case of meeting land-fust stones, 
suitable for all conditions of soil, it may | Two boys, stationed at proper distances 
be asked whether the English steam|from each other, place rope porters or 
plowing system is adapted to this| pullies under the running rope to keep 
country. y answer is that it may | it from the ground. hese are re- 
answer admirably under certain condi-| moved as the plow nears them, and they 


tions, but that it is impractical for the’ 
average American Farmer. 

A brief description of the English sys- | 
tem, the working of which I carefully | 
inspected in England during the last 
plowing season, must first be given. | 
Among the many different systems all, 
however, based upon rope traction, | 
which have been before the British 
public for the last five years, the only | 
two which are now considered practical 
are the “direct tackle,” being a traction 
engine on each side of the field which 
move along on the headlands and wind 
up a wire rope to which the plow is 
attached, and the single engine “tackle” 
where the engine generally remains 
stationary, in one corner of the field, 
whilst two “traveling anchors” move 
along the headland and between which 
the implement works back and forth, 


| the plow has passed. 


are placed in position again as soon as 
In case of wide or 
uneven fields more boys with porters are 
necessary, as the wire rope especially in 
gritty soil suffers from attrition. 

The single engine system consists of 
one traction engine which can either 
travel on one headland with a traveling 
anchor opposite, or what, is still better, 
in many fields can be placed stationary 
in one corner of the field. From its fly 
wheel a belt drives a windlass which 
winds and unwinds on two drums the 
wire rope. The latter passes around 
two traveling anchors which move 
automatically along the headlands, with 
the plow working between them. 

There are also sets of tackle worked 
by a portable engine, but these accom- 
plish but little work. An engine which 
will do a fair amount of work is too 
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powerful and heavy to be hauled about | 
with horses—it must be self-moving. | 
All the rope tackles waste a great deal | 
of power by friction. The weight of 
coal expended per acre is exactly the 
same as that used by the Williamson 
system, when the engine travels across 
the field. The reasons why I think the 
English system is not suited for this 
country are deduced from actual ex- 
perience, in connection with my own en- 
gines, and many of which will apply to 
any system yet proposed. They are: 
ist. Their excessive cost. Very few) 
farmers in this country can afford to pay 
out $7,500 to $15,000 in cash for asingle | 
implement. 
2d. The shortness of the plowing sea- | 
son here would make it possible only to 
use this expensive machinery about one 
third of the year. 
3d. On account of the important place | 
Indian corn occupies in our crops, for 
the cultivation of which horses are 
necessary, the dispensing with horses 
(which should be one of the advantages | 
of the steam plow) could not be accom- 
plished. To have a stable full of horses | 
standing idle whilst the steam plow was | 


the English engine would require all the 
ysual bridges to be strengthened, and 
this would make their removal from one 
farm to another excessively expensive. 

Lastly, plowing by the English sys- 
tem, while it is very thorough, costs as 
much if not more than by horses. 
Nothing can compete with oxen, for they 
can be worked until the season is over, 
and then fattened and eaten. The 
double engine system, which gives the 
most economical results, requires gener- 


ally seven hands and four horses, (the 


latter for hauling water), and the imple- 


ment used is a fine gang plow. The 


cost of the above force (taking into ac- 


count the extra pay of engineers) would 


equal 5 plows, with one man and two 
horses to each. It is true that the latter 
5 plows would not accomplish as much 


'as the former, but the difference would 


not compensate for the ton of coal, the 
interest and the wear of engines and 
wire rope. The report of a committee 
appointed to examine the depreciation 
of the wire rope, stated it to be 7 pence 
sterling (about 15 cents currency) per 
acre. 

The double engine system imported 


at work would scarcely be economical. | by Mr. Lawrence for his sugar planta- 


4th. In many of the States, especially | tion in Louisiana, and said to have cost 
in the West, the long dry summers pro- $20,000, drew a single plow which cut a 
duce a scarcity of water, and often stock | furrow 3 feet deep. This was certainly 
must be driven long distances to water.| very wonderful plowing, and gave a 
In such districts it would be impossible large increase in the crop, but not great 
to procure the 1,000 to 2,000 gallons, enough to make it pay. Another, set on 
which would be required daily. The a neighboring plantation, was abandoned 
ordinary barn-yard well would be alto- as being unprofitable. During the two 
gether inadequate. (In Minnesota the years when the duty was removed from 
water for the Williamson plow was steam plows to-encourage their importa- 
carted a distance of over four miles). tion, few if any were imported, although 

5th. Good engineers cannot be hired many intelligent farmers had visited 
for short terms of service. In England, England to inquire into their working. 
where there is always a surplus of such At present they must pay a duty of 35 
skilled labor, it is possible to engage per cent. In Cuba they proved, as in 
them at short notice for only the plow-| Louisiana, a mechanical success, but 
ing season. Few good men would leave |they did not reduce the number of 
our cities to go far into the country for| Negroes and mules. When used to clear 
only three months. The wear and tear the fields of cane, they set fire to the dry 
on the machinery is very considerable, | leaves and spread destruction through 
and competent engineers must be em-|several plantations. The question of 
ployed who can keep their engines in re-| fire is a most serious one in all dry 
pair. countries. 
5th. Our distances are too great and| There are many reasons why no com- 
our season too short to make the co-| parison can be made between the use of 
operative system practicable. Every /| the steam plow in Great Britain and in 
farmer would want the steamer at the| America. These differences should be 
same time. The enormous weight of | well studied both by inventors and pur- 
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chasers who may read only of their'amount of work. This represents the 
success in England. constant work of twenty horses; but it 
In Great Britain horses and horse| must be remembered that a horse can 
feed are much dearer than with us, and for 4 short time exert twice his average 
the use of oxen is by law forbidden.) pull, and that occasions for this extra 
Coals, engineer’s wages, and interest are work present themselves constantly in 
less than here, and wells a hundred times| plowing, although lasting perhaps for 
more abundant. The notoriously wet but a few moments at a time. There 
climate of England makes plowing much | must be therefore an amount of extra 
more difficult than with us; and every | power always at command, so that the 
American traveling there is surprised to opening of a valve wide will at once 
see three or four immense horses in tan-|save a steppage. Nothing is more 
dem before a single plow, and accom-| demoralizing in steam plowing than con- 
lishing but about an acre per day. tinual stoppages. The production of 
hese heavy horses, treading in each|this amount of power requires boilers 
others steps in heavy wet clay for many | and engines of suitable size, and the sud- 
years, eventually pack the soil intoa hard | deness with which this power is called 
pan, through which the roots of the for requires all connections to be of ex- 
plants cannot penetrate, and to break up traordinary strength. The boiler must 
this hard pan their peculiar steam culti-| always have enough water, and, to ensure 
vator, an implement here, is invaluable. | this, there can be no liberty taken in 
In England and Scotland the plowing cutting down the size of water tanks. 
season is longer than with us, and for! These in turn must have coal bunkers of 
that reason a neighborhood can club corresponding size. By the time the 


together and buy a steam plow; with us 
the time for plowing is so short that all 
would want it at the same time. 

The conclusion of all this is, that those 
who may be ambitious to invent a steam 


plow have now no excuse for wasting 
It used to be said that | 
former attempts in America had not been 
successful because the engines were too 


time or money. 


cheaply constructed. “They were built 
in country machine shops and did not 
combine all the modern improvements. 


They were run by men who knew more | 


about agriculture than about engineer- 
ing, and that, owing to very limited 
means, no advantage could be taken by 


whole engine has been built in true pro- 
portion it will be found to weigh at the 
very least six tons. The engines ex- 
hibited by Messrs, Fowler at the Oxford 
Show weighed 20 tons each. 

In the matter of plows it must be re- 
membered that the latest plows, both for 
stubble and for breaking prairie, as per- 
fected for the Williamson system left 
nothing to be desired. They were not 
expensive; were strong, and the work 
they did was pronounced perfectly sat- 
isfactory. No system of rotary plowing 
has yet been successful, or even if suc- 
cessful, it is not believed that it could 
supersede the modern plow. 


Those who wish to avail themselves of 


those who had failed to follow up their 
the English system, must carefully con- 


experience by constructing new and im-| 
proved ‘engines.” This argument no sider the following points: The imple- 
longer obtains. Until radical changes; ment used mostly by the British is the 
are made in railway locomotives, there | steam “ Cultivator,” an instrument made 
can be no important improvement on necessary by their climate, soil and cen- 
the dozen of Williamson engines which | turies of cultivation. It has taken many 
have been worked in as many different | years to perfect it for the special crops 
states of the Union. Especially must) for which it is used, and for the compara- 
the idea be abandoned that a serviceable tively even conditions of climate, &c. 
engine can be made to weigh only two It will be found that many of these con- 
or three tons. It must be borne in mind ditions are totally different here, and 
that a steam plow should be able to plow | that what may prove advantageous there, 
at least one acre per hour. One of the may be quite the reverse with us. The 
largest builders of plowing machinery | water question is of the most serious im- 
in England informed me that he could) portance, much more se than would ap- 
not recommend the use of steam, unless| pear to those who had not experienced 
of sufficient power to accomplish that | it. 
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The amount of work done must not be 
estimated from the short “spurts” which 
are accomplished by trained hands with 
new engines at agricultural shows, but 
should be based upon the week’s work 
of a well-managed farm. 

All honor be to English engineers who 
have done so much for British agricul- 
ture, and all honor be to those Americans 
who, finding all their conditions the same 
as those of their British cousins, have 
the enterprise to order out these expens- 
ive improvements, and thus, like true 
Republicans, use their intelligence and 





means for the benefit of their fellow 
men. 

For myself, standing at the end of a 
five year’s effort, with enthusiasm tem- 
pered by costly experience, with an 
earnest desire for substantial improve- 
ments, but with an equally serious re- 
spect for solemn facts, and with a view 
extending over the whole field, I am 
constrained to give it as my opinion, that 
no system of steam plowing yet invented 
can offer sufficient inducement to make 
it an object for the average American 
Farmer*to adopt. 





MATTER AND MOTION. 


By J, CLERK MAXWELL, LL.D., F.R.S. 


I. 


CHAPTER I. 
s 
INTRODUCTION. 


Nature oF Puysicay Science.—Phy- 
sical science is that department of 
knowledge which relates to the order of 
nature, or, in other words, to the regu- 
lar succession of events. 

The name of physical science, how- 
ever, is often applied in a more or less re- 
stricted manner to those branches of 
science in which the phenomena consid- 
ered are of the simplest and most ab- 
stract kind, excluding the consideration 
of the more complex phenomena, such as 
those observed in living beings. 

The simplest case of all is that in 
which an event or phenomenon can be 
described as a change in the arrange- 
ment of certain bodies. Thus the motion 
of the moon may be described by stating 
the changes in her position relative to 
the earth in the order in which they fol- 
low one another. 

In other cases we may know that some 
change of arrangement has taken place, 
but we may not be able to ascertain 
what that change is. 

Thus when water freezes we know 





that the molecules, or smallest parts of 
the substance, must be arranged different- 
iy in ice and in water. We also know | 
that this arrangement in ice must have a/| 
certain kind of symmetry, because the | 


ice is in the form of symmetrical crystals, 
but we have as yet no precise knowledge 
of the actual arrangement of the mole- 
cules in ice. But whenever we can com- 
pletely describe the change of arrange- 
ment we have a knowledge, perfect so 
far as it extends, of what has taken place, 
though we may still have to learn the 
necessary conditions under which a sim- 
ilar event will always take place. 

Hence the first part of physical science 
ralates to the relative position and 
motion of bodies. 


DEFINITION OF A MaTERIAL SystEM.— 
In all scientific procedure we begin by 
marking out a certain region or subject as 
the field of our investigations. ‘To this 
we must confine our attention, leaving 
the rest of the universe out of account 
till we have completed the investigation 
in which we are engaged. In physical 
science, therefore, the first step is to de- 
fine clearly the material system which 
we make the subject of our statements. 
This system may be of any degree of 
complexity. It may bea single material 
particle, a body of finite size, or any 
number of such bodies, and it may even 
be extended so as to include the whole 
material universe, 


DEFINITION OF INTERNAL AND Ex- 
TERNAL.—AII relations or actions be- 
tween one part of this system and 





MATTER AND MOTION. 


313 





another are called Internal relations or 
actions. 

Those between the whole or any part 
of the system, and bodies not included 
in the system, are called External rela- 
tions or actions. These we study only 
so far as they affect the system itself, 
leaving their effect on external bodies 
out of consideration. Relations and 
actions between bodies not included in 
the system are to be left out of consider- 
ation. We cannot investigate them 
except by making our system include 
these other bodies. 


DEFINITION OF CONFIGURATION.-—W hen 
a material system is considered with 
respect to the relative position of its 
parts, the assemblage of relative posi- 
tions is called the configuration of the 
system, 

A knowledge of the configuration of 
the system at a given instant implies a 
knowledge of the position of every point 
of the system with respect to every 
other point at that instant. 


Diacrams.—The configuration of mate- 
rial systems may be represented in 
models, plans, or diagrams. The model 
or diagram is supposed to resemble the 
material system only in form, not neces- 
sarily in any other respect. 

A plan or a map represents on paper 


in two dimensions what may really be in| 


three dimensions, and can only be com- 
pletely represented by a model. We 
shall use the term Diagram to signify 
any geometrical figure, whether plane or 
not, by means of which we study the 
properties of a material system. Thus, 
when we speak of the contiguration of a 
system, the image which we form in our 
minds is that of a diagram, which com- 
pletely represents the configuration, but 
which has none of the other properties 
of the material system. Besides dia- 
grams of configuration we may have dia- 
— of velocity, of stress, &c., which 

o not represent the form of the system, 
but by means of which its relative 
velocities or its internal forces may be 
studied. 


A Mareriat Particite.—A body so 
small that, for the purposes of our in- 
vestigation, the distances between its 
different parts may be neglected, is called 
a material particle. 


Thus in certain astronomical investiga- 
tions the planets, and even the sun, may 
be regarded each as a material particle, 
because the difference of the actions of 
different parts of these bodies does not 
come under our notice. But we cannot 
treat them as material particles when we 
investigate their rotation. Even an 
atom, when we consider it as capable of 
rotation, must be regarded as consisting 
of many material particles. 

The diagram of a material particle is 
of course a mathematical point, which 
has no configuration. 


Retative Position or two Materia 
Partictes.—The diagram of two mate-, 
rial particles consists of two points, as, 
for instance, A and B. 

The position of B relative to A is in- 
dicated by the direction and length of 
the straight line A B drawn from A to B. 
If you start from A and travel in the 


direction indicated by the line A Bb and 
for a distance equal to the length of 
that line, you will get to B. This 
direction and distance may be indicated 
equally well by any other line, such as 
a b, which is parallel and equal to A B, 
The position of A with respect to B is 


indicated by the direction and length of 


the line B A, drawn from B to A, or the 
line 5 a, equal and parallel to B A. 
It is evident that BA =—AB. _ 
In naming a line by the letters at its 
extremities, the order of the letters is 
always that in which the line is to be 
drawn. 


Vecrors.—The expression A B, in 
eometry, is merely the name of a line. 
Tere it indicates the operation by which 

the line is drawn, that of carrying a 
tracing point in a certain direction for a 


certain distance. As indicating an 
operation, A B is called a Vector, and 
the operation is completely defined by 
the direction and distance of the trans- 
ference. The starting point, which is 
called the origin of the vector, may be 
any where. 

To detine a finite straight line we 
must state its origin as well as its 
direction and length. All vectors, how- 
ever, are regarded as equal which are 
parallel (and drawn towards the same 
parts) and of the same magnitude. 
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Any quantity, such, for instance, as a 
velocity, or a force, which has a definite 
direction and a definite magnitude may 
be treated as a vector, and may be indi- 
cated in a diagram by a straight line 
whose direction is parallel to the vector, 
and whose length represents, according 
to a determinate scale, the magnitude of 
the vector. 


System or Taree Particies.—Let us 
next consider a system of three parti- 
cles. 

Its configuration is represented by a 
diagram of three points, A, B, C. 


Fig. 1. 
D 


A B 


The position of B with respect to A is 
indicated by the vector A B, and that of 
C with respect to B by the vector B C. 

It is manifest that from these data, 
when A is known, we can find B and then 
C, so that the configuration of the three 
points is completely determined. 

The position of C with respect to A is 
indicated by the vector A C, and by the 
last remark the value of A C must be 
deducible from those of A B and B C. 

The result of the operation A C is to 
carry the tracing point from A to C. 
But the result is the same if the tracing 
point is carried first from A to B and 
then from B to C, and this is is the sum 
of the operations A B+B C. 


Appition or Vecrors.—Hence the 
rule for the addition of vectors may be 
stated thus:—From any point as origin 
draw the successive vectors in series, so 
that each vector begins at the end of the 
preceding one. The straight line from 
the origin to the extremity of the series 
represents the vector which is the sum 
of the vectors. 

The order of addition is indifferent, 
for if we write B C+A B the operation 
indicated may be performed by drawing 
A D parallel and equal to B C, and then 
joining D C, which, by Euclid, I. 33, is 
parallel and equal to A B, so that by 
these two operations we arrive at the 


‘point C in whichever order we perform 
| them. 

The same is true for any. number of 
vectors, take them in what order we 


please. 


SUBTRACTION OF ONE VECTOR FROM 
ANOTHER.—To express the position of C 
with respect to B in terms of the posi- 
tions of B and C with respect to A, we 
observe that we can get from B to C 
either by passing along the straight line 
B C or by passing from B to A and then 
from A to C. Hence 


BC=B A+AC. 


=A C+B A since the order of addi- 
tion is indifferent. 

| =AC-—AB since A B is equal and 

| opposite to BA. Or, the vec- 


(tor B C, which expresses the position of 
'C with respect to B, is found by sub- 
| tracting the vector of B from the vector 
‘of C, these vectors being drawn to B 
‘and C respectively from any common 


origin A, 





Orxicin or Vecrors.—The positions 
of any number of particles belonging to 
a material system may be defined by 
means of the vectors drawn to each of 
these particles from some one point. 


tors, or, more briefly, the Origin. 

This system of vectors determines the 
configuration of the whole system; for 
if we wish to know the position of any 
point B with respect to any other point 
A, it may be found from the vectors 


O A and O B by the equation 

A B=0 B—O A. 
We may choose any point whatever for 
the origin, and there is, for the present, 
no reason why we should choose one 
point rather than another. The con- 
figuration of the system—that is to say, 
the position of its parts with respect to 
each other—remains the same, whatever 
point be chosen as origin. Many in- 
quiries, however, are simplified by a 
proper selection of the origin. 


Rexative Position or Two Systems. 
—If the configurations of two different 
systems are known, each system having 





its own origin, and if we then wish to 





This point is called the origin of the vec- 
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inclade both systems in a larger system’ 
having, say, the same origin as the first 
of the two systems, we must ascertain 
the position of the origin of the second 
system with respéct to that of the first, 
and we must be able to draw lines in the 
second system parallel to those in the 
first. 
Fic. 2. 


Pe 


oO 
e 


Then by “System of Three Particles,” 
the position of a point P of the second 
system, with respect to the first origin, O, 
is represented by the sum of the vector 
OP of that point with respect to the sec- 
ond origin, O’ and the vector OO’ of the 
second origin, O’ with respect to the 
first, O. 


Taree Data FoR THE COMPARISON OF 
Two Sysrems.—We have an instance of 
this formation of a large system out of 
two or more smaller systems, when two 
neighboring nations, having each sur- 
veyed and mapped its own territory, 
agree to connect their surveys sO as to 
include both countries in one system. 
For this purpose three things are neces- 
sary. 

1st. A comparison of the origin select- 
ed by the one country with that selected 
by the other. 

2d. A comparison of the directions of 
reference used in the two countries. 

3d. A comparison of the standards of 
length used in the two countries. 

1. -In civilized countries latitude is 
always reckoned from the equator, but 
longitude is reckoned from an arbitrary 
point, as Greenwich or Paris. Therefore, 
to make the map of Britain fit that of 
France, we must asertain the difference 
of longitude between the Observatory of 
Greenwich and that of Paris. 

2. When a survey has been made with- 
out astronomical instruments, the direc- 
tions of reference have sometimes been 
those given by the magnetic compass. 
This was, I iiliere the case in the 
original surveys of some of the West 
India islands. The results of this sur- 
vey, though giving correctly the local 
configuration of the island, could not be 


‘made to fit properly into a general map 
‘of the world till the deviation of the 
'magnet from the true north at the time 
|of the survey was ascertained. 

| $8. To compare the survey of France 
| with that of Britain, the meter, which is 
‘the French standard of length, must be 
‘compared with the yard, which is the 
British standard of length. 

The yard is defined by Act of Parlia- 

}ment 18 and 19 Vict. c. 72, July 30, 

1855, which enacts “that the straight 
line or distance between the centers of 
the transverse lines in the two gold 
plugs in the bronze bar deposited in the 
office of the Exchequer shall be the 
genuine standard yard at 62° Fahrenheit, 
and if lost, it shall be replaced by means 
of its copies.” 

The meter derivesits authority from a 
law of the French Republic in 1795. It 
is defined to be the distance between the 
ends of a certain rod of platinum made 
by Borda, the rod being at the tempera- 
ture of melting ice. It has been found 
by the measurements of Captain Clarke 
that the meter is equal to 39.37043 
British inches. 

On tHE IpEa or Space.—We have 
now gone through most of the things to 
be attended to with respect to the con- 
figuration of a material system. There 
remain, however, a few points relating 
to the metaphysics of the subject, which 
have a very important bearing on phys- 
ic 


8. 
We have described the method of 
combining several configurations into one 


system which includes them all. In this 
way we add to the small region, which we 
|can explore by stretching our limbs, the 
‘more distant regions which we can reach 
_by walking or by being carried. To 
these we add those of which we learn by 
the reports of others, and those inacces- 
sible regions whose position we ascertain 
only by a process of calculation, till at 
last we recognize that every place has a 
definite position with respect to every 
other place, whether the one place is ac- 
cessible from the other or not. 

Thus from measurements made on the 
earth’s surface we deduce the position of 
the center of the earth relative to known 
objects, and we calculate the number of 
cubic miles in the earth’s volume quite 
independently of any hypothesis as to 
what may exist at the tenter of the 
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earth, or in any other place beneath | tempt to trace it down to more modern 
that thin layer of the crust of the earth | times, but I would advise those who 
which alone we can directly explore. | study any system of metaphysics to ex- 
jamine carefully that part of it which 
Error or Descartres.—It appears | deals with physical ideas. 
then, that the distance between one! We shall find it more conducive to 
thing and another does not depend on scientific progress to recognise, with 
any material thing between them, as| Newton, the ideas of time and space as 
Descartes seems to assert when he says | distinct, at least in thought, from that 
(Princip. Phil., II. 18) that if that which of the material system whose relations 
is in a hollow vessel were taken out of | these ideas serve to co-ordinate. 
it without anything entering to fill its 
place, the sides of the vessel, having}; On THE IpEa or Time.—The idea of 


nothing between them, would be in con- 
tact. 

This assertion is grounded on the 
dogma of Descartes, that the extension 
in length, breadth, and depth which con- 
stitute space is the sole essential property 
of matter. “The nature of matter,” he 
tells us, “or of body considered gener- | 





Time in its most primitive form is pro- 
bably the recognition of an order of 
sequence in our states of consciousness. 
If my memory were perfect, I might be 
able to refer every event within my own 
experience to its proper place in a 
chronological series. But it would be 
difficult, if not impossible, for me to 


ally, does not consist in a thing being| compare the interval between one pair 
hard, or heavy, or colored, but only in| of events and that between another pair 
its being extended in length, breadth, | —to ascertain, for instance, whether the 
and depth” (Princip., II. 4). By thus/ time during which I can work without 
confounding the properties of matter) feeling tired is greater or less now than 
with those of space he arrives at the! when I first began to study. By our 
logical conclusion, that if the matter! intercourse with other persons, and by 
within a vessel could be entirely removed our experience of natural processes which 
the space within the vessel would no! go on in a uniform or a rhythmical man- 


longer exist. In fact he assumes that all 
space must be always full of matter. 

I have referred to this opinion of Des- 
cartes in order to show the importance 
of sound views in elementary dynamics. 
The primary property of matter was in- 
deed distinctly announced by Descartes 
in what he calls the “First Law of 
Nature” (Princip., II. 37): “That 
every individual thing, so far as in it 
lies, perseveres in the same state, whether 
of motion or of rest.” 

We shall see when we come to New- 
ton’s laws of motion that in the words 
“so far as in it lies,” properly under- 
stood, is to be found the true primary 
definition of matter, and the true meas- 
ure of its quantity. Descartes, however, 
never attained to a full understanding of 
his own words (quantum in se est), and 
so fell back on his original confusion of 
matter with space—space being, accord- 
ing to him, the only form of substance, 


and all existing things but affections of | 


space. This error runs through every 
part of Descartes’ great work, and it 
forms one of the ultimate foundations of 
the system of Spinoza. 1 shall not at- 


ner, we come to recognize the possibility 
of arranging a system of chronology in 
| which all events whatever, whether re- 
lating to ourselves or to others, must 
| find their place. Of any two events, say 
'the actual disturbance at the star in 
Corona Borealis, which caused the lu- 
minous effects examined spectroscopically 
by Mr. Huggins on the 16th May, 1866, 
‘and the mental suggestion which first 
led Professor Adams or M. Leverrier to 
| begin the researches which led to the 
discovery, by Dr. Galle, on the 23rd 
| September, 1846, of the planet Neptune, 
| the first named must have occured either 
| before or after the other, or else at the 
same time. 

Absolute, true, and mathematical Time 
is conceived by Newton as flowing at a 
constant rate, unaffected by the speed or 
slowness of the motions of material 
things. It is also called duration. Rela- 
tive, apparent, and common time is du- 
ration as estimated by the motion of 
bodies, as by days, months, and years. 
These measures of time may be regarded 
as provisional, for the progress of as- 
tronomy has taught us to measure the 
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inequality in the lengths of days, months, 
and years, and thereby to reduce the ap- 
parent time to a more uniform scale, 
called Mean Solar Time. 


ApsoLuTE Space.—Absolute space is 
conceived as remaining always similar to 
itself and immovable. The arrangement 
of the parts of space can no more be al- 
tered than the order of the portions of 
time. To conceive them to move from 
their places is to conceive a place to 
move away from itself. 

But as there is nothing to distinguish one 
portion of time from another except by 
the different events which occur in them, 
so there is nothing to distinguish one 
part of space from another except its 
relation to the place of material bodies. 
We cannot describe the time of an event 
except by reference to some other event, 
or the place of a body except by refer- 
ence to some other body. All our 
knowledge, both of time and place, is 
essentially relative. When a man has 
acquired the habit of putting words to- 
gether, without troubling himself to form 
the thoughts which ought to correspond 
to them, it is easy for him to frame an 
antithesis between this relative knowl- 


edge and a so-called absolute knowl-| 
ege, and to point out our ignorance of | 
the absolute position of a point as an in- | 
stance of the limitation of our faculties. | 


Any one, however, who will try to im- 
agine the state of a mind conscious of 
knowing the absolute position of a point 
will ever after be content with our rela- 
tive knowledge. 


STATEMENT OF THE GENERAL MAxIM OF | 
Puysicat Scrence.—There is a maxim | 


which is often quoted, that “The same 
causes will always produce the same 
effects.” 

To make this maxim intelligible we 
must define what we mean by the same 
causes and the same effects, since it is 
manifest that no event ever happens 
more than once, so that the causes and 
effects cannot be the same in a/{ respects. 
What is really meant is that if the 


causes differ only as regards the abso-| 
lute time or the absolute place at which | 


the event occurs, so likewise will the 
effects. 

The following statement, which is 
equivalent to the above maxim, appears 


to be more definite, more explicitly con- 


nected with the ideas of space and time, 
and more capable of application to par- 
ticular cases: 

“The difference between one event 
and another does not depend on the 
mere difference of the times or the 
places at which they occur, but only on 
differences in the nature, configuration, 
or motion of the bodies concerned.” 

It follows from this, that if an event 
has occurred at a given time and place 
it is possible for an event exactly similar 
to occur at any other time and place. 

There is another maxim which must 
not be confounded with that quoted at 
the beginning of this article, which 


asserts “That like causes produce like 


effects.” 

This is only true when small varia- 
tions in the initial circumstances produce 
only small variations in the final state of 
the system. In a great many physical 
phenomena this condition is satisfied; 
but there are other cases in which a 
small initial variation may produce a 
very great change in the final state of 
the system, as when the displacement of 
the points causes a railway train to run 
into another instead of keeping its pro- 
per course. 


CHAPTER IL. 
ON MOTION. 


DeriniTION OF DispLAcEMENT.—We 
have already compared the position of 
different points of a system at the same 
instant of time. We have next to com- 
pare the position of a point at a given 
instant with its position at a former in- 
stant, called the Epoch. 

The vector which indicates the final 


position of a point with respect to its 


position at the epoch is called the Dis- 
placement of that point. Thus if A, is 
the initial and A, the final position of 
the point A, the line A, A, is the dis- 
placement of A, and any vector oa 
drawn from the origin o parallel and 


equal to A, A, indicates this displace- 
ment. 


DiaGRAM OF DISPLACEMENT. — If 


another point of the system is displaced 
‘from B, to B, the vector o 6 parallel and 


equal to B, B 


indicates the displace- 
ment of B. 
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In like manner the displacement of 
any number of points may be repre- 
sented by vectors drawn from the same 





°. a 


origin 0. Thissystem of vectors is called 
the Diagram of Displacement. It is not 
necessary to draw actual lines to repre- 
sent these vectors; it is sufficient to in- 
dicate the points a, 5, &c., at the ex- 
tremities of the vectors. The diagram 
of displacement may therefore be re- 
garded as consisting of a number of 
points, a, b, &c., corresponding with the 
material particles, A, b, &c., belonging 
to the system, together with a point 0, 
the position of which is arbitrary, and 
which is the assumed origin of all the 
vectors. 





RetativE DispraceEMENT.—The line 


a6 in the diagram of displacement rep- 
resents the displacement of the point 
B with respect to A. 

For if in the diagram of displacement 


(Fig. 3) we draw a k parallel and equal 
to B, A) and in the same direction, and 
join & 6, it is easy to show that & bd is 
equal and parallel to A} B.,. 

For the vector £5 is the sum of the 
vectors ka, a0, and od, and A, B, is 
the sum of A, A,, A,B,, and B, B,. But 
of these & a is the same as A, B,, 0 0 is 


the same as A, A,, and od is the same 
as B, B,, and by “ Addition of Vectors,” 
the order of summation is indifferent, so 
that the vector & } is the same, in direc- 
tion and magnitude, as A, B,. Now 
ka, or A,B, represents the original 


position of B with respect to A, and & 6, 








or A, B, represents the final position of 
B with respect to A. Hence « 6 repre- 
sents the displacement of B with respect 
to A, which was to be proved. 

In “Definition of Displacement,” we 
purposely omitted to say whether the 
origin to which the original configuration 
was referred, and that to which the final 
configuration is referred, are absolutely 
the same point, or whether, during the 
displacement of the system, the origin 
also is displaced. 

We may now, for the sake of argu- 
ment, suppose that the origin is abso- 
lutely fixed, and that the displacements 
represented by oa, 0%, &c., are the 
absolute displacements. To pass from 
this case to that in which the origin is 
displaced we have only totake A, one of 
the movable points, as origin. The 
absolute displacement of A being repre- 
sented by oa, the displacement of B 
with respect to A is represented, as we 


have seen, by a 6, and so on for any 
other points of the system. 

The arrangement of the points a, d, &c., 
in the diagram of displacement is therefore 
the same, whether we reckon the dis- 
placements with respect to a fixed point 
or a displaced point; the only difference is 
that we adopt a different origin of vec- 
tors in the diagram of displacements, 
the rule being that whatever point we 
take, whether fixed or moving, for the 
origin of the diagram of configuration, 
we take the corresponding point as origin 
in the diagram of displacement. If we 
wish to indicate the fact that we are en- 
tirely ignorant of the absolute displace- 
ment in space of any point of the system 
we may do so by constructing the dia- 
gram of displacements as a mere system 
of points, without indicating in any way 
which of them we take as the origin. 

This diagram of displacements (with- 
out an origin) will then represent neither 
more nor less than all we can ever know 
about the displacement of the system. 
It consists simply of a number of points, 
a, b, c, &c., corresponding to the points 
A, B, C, of the material system, and a 
vector, as a 6 represents the displace- 
ment of B with respect to A. 


Untirorm* DispLacEMENT.— When the 





* When the simultaneous values of a quantity for dif- 
ferent bodies or places are equal, the quantity is said to 
be uniformly distributed in space. 
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displacements of all points of a material 
system with respect to an external point 
are the same in direction and magnitude, 
the diagram of displacement is reduced 
to two points—one corresponding to the 
external point, and the other to each 
and every point of the displaced system. 
In this case the points of the system are 
not displaced with respect to one 
another, but only with respect to the ex- 
ternal point. 

This is the kind of displacement which 
occurs when a body of invariable form 
moves parallel to itself. It may be 
called uniform displacement. 


On Mortion.—When the change of 
configuration of a system is considered 
with respect only to its state at the 
beginning and the end of the process of 
change, and without reference to the 
time during which it takes place, it is 
called the displacement of the system. 

When we turn our attention to the 
process of change itself, as taking place 
during a certain time and in a contin- 
uous manner, the change of configura- 
tion is ascribed to the motion of the sys- 
tem. 


On tHE Continurry or Morion.— 
When a material particle is displaced 
so as to pass from one position to anoth- 
er, it can only do so by traveling along 
some course or path from the one posi- 
tion to the other. 


Fic. 4. 


At any instant during the motion the 
particle will be found at some one point 
of the path, and if we select any point of 
the path, the particle will pass that point 
once at least* during its motion. 

This is what is meant by saying that 
the particle described a continuous path. 

The motion of a material particle 
which has continuous existence in time 
and space is the type and exemplar of 
every form of continuity. 


+ If the path cuts itself 80 as to form a loop, as P, Q, 
e 


R, (fig. 4),t article will pass the point of intersection, 

twice, and if the particle returns on its own path, as in 

e path A, B, C, D, it may pass the same point, S, three 
or more times, 








On Constant* Vetociry.—If the 
motion of a particle is such that in equal 
intervals of time, however short, the dis- 
placements of the particle are equal and 
in the same direction, the particle is said 
to move with constant velocity. 

It is manifest that in this case the 
path of the body will be a straight line, 
and the length of any part of the path 
will be proportional to the time of de- 
scribing it. 

The rate or speed of the motion is called 
the velocity of the particle, and its mag- 
nitude is expressed by saying that it is 
such a distance in such a time, as, for 
instance, ten miles an hour, or one meter 
per second. In general we select a unit 
of time, such as a second and measure 
velocity by the distance described in 
unit of time. 

If one meter be described in a second 
and if the velocity be constant, a thou- 
sandth or a millionth of a meter will be 
described in a thousandth or a millionth 
of a second, Hence, if we can observe 
or calculate the displacement during any 
interval of time, however short, we may 
deduce the distance which would be 
described in a longer time with the 
same velocity. This result, which enables 
us to state the velocity during the short 
interval of time, does not depend on the 
body’s actually continuing to move at 
the same rate during the longer time. 
Thus we may know that a body is 
moving at the rate of ten miles an hour, 
though its motion at this rate may last 
for only the hundredth of a second. 


On THE MEASUREMENT OF VELOCITY 
wHEN VarrasLe.—When the velocity 
of a particle is not constant, its value at 
any given instant is measured by the 
distance which would be described in 
unit of time by a body having the same 
velocity as that which the particle has at 
that instant. 

Thus when we say that at a given in- 
stant, say one second after a body has 
begun to fall, its velocity is 980’ centi- 
meters per second, we mean that if the 
velocity of a particle were constant and 
equal to that of the falling body at the 
given instant, it would describe 980 cen- 
timeters in a second. 

It is specially important to understand 


* When the successive values of a quantity for suc- 
cessive instances of time are eqnal, the quantity is said to 
be constant. 
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what is meant by the velocity or rate of 
motion of a body, because the ideas 
which are suggested to our minds by 
considering the motion of a particle are 
those which Newton made use of in his 
method of Fluxions,* and they lie at the 
foundation of the great extension of ex- 
act science which has taken place in 
modern times. 


Diagram oF Vetocitres.—If the 
velocity of each of the bodies in the sys- 
tem is constant, and if we compare the 
configurations of the system at an inter- 
val of a unit of time, then the displace- 
ments, being those produced in unit of 
time in bodies moving with constant 
velocities, will represent those velocities 
according to the method of measurement 
described ‘‘ On Constant Velocity.” 

If the velocities do not actually continue 
constant for a unit of time, then we 
must imagine another system consisting 
of the same number of bodies, and in 
which the velocities are the same as 
those of the corresponding bodies of the 
system at the given instant, but remain 
constant for a unit of time. The dis- 
placements of this system represent the 
velocities of the actual system at the 
given instant. 

Another mode of obtaining the dia- 
gram of velocities of a system at a given 
instant is to take a small interval of 
time, say the mth part of the unit of 
time, so that the middle of this interval 
corresponds to the given instant. Take 
the diagram of displacements corre- 
sponding to this interval and magnify all 
its dimensions n times. The result will 
be a diagram of the mean velocities of 
the system during the interval. If we 
now suppose the number » to increase 
without limit the interval will diminish 
without limit, and the mean velocities 
will approximate without limit to the 
actual velocities at the given instant. 
Finally, when x becomes infinite the dia- 
gram will represent accurately the velo- 
cities at the given instant. 


PROPERTIES OF THE DIAGRAM’ OF 
Vetocities. (Fig. 5).—The diagram of 
velocities for a system consisting of a 


* According to the method of Fluxions, when the 
value of one quantity depends on that of another, the 
rate of variation of the.first quantity with respect to 
the second may be expressed as a velocity, by imagin- 
ing the first quantity to represent the displacement of 
. particle, while the second flows uniformly with the 
time. 








number of material particles consists of 
a number of points, each corresponding 
to one of the particles. 
Fie. 5. 
Be 
DIAGRAM OF 


CONFIGURATION. 





DIAGRAM OF 
VELOCITY. 


o 
” de 


The velocity of any particle B with 
respect to any other, ‘A, is represented in 
direction and magnitude by the line 7% 
in the diagram of velocities, drawn from 
the point a, corresponding to A, to the 
point 4, corresponding to B. 

We may in this way find, by means of 
the diagram, the relative velocity of any 
two particles. The diagram tells us 
nothing about the absolute velocity of 
any point; it expresses exactly what we 
can know about the motion and no more. 
If we choose to imagine that og repre- 
sents the absolute velocity of A, then 
the absolute velocity of any other parti- 
cle, B, will be represented by the vector 
06, drawn from o as origin, to the point 
b, which corresponds to B. 

But as it is impossible to define the 
position of a body except with respect 
to the position of some point of refer- 
ence, so it is impossible to define the 
velocity of a body, except with respect 
to the velocity of the point of reference. 
The phrase absolute velocity has as little 
meaning as absolute position. It is bet- 
ter, therefore, not to distinguish any 
point in the diagram of velocity as the 
origin, but to regard the diagram as ex- 
pressing the relations of all the veloci- 
ties without defining the absolute value 
of any one of them. 


MEANING OF THE Purase “ At Rest.” 
—It is true that when we say that a 
body is at rest we use a form of words 
which appears to assert something about 
that body considered in itself, and we 
might imagine that the velocity of 
another body, if reckoned with respect 
to a body at rest, would be its true and 
only absolute velocity. But the phrase 
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“at rest” means in ordinary lengunge | en the deflection of the motion of a 


“having no velocity with respect to that 
on which the body stands,” as, for in- 


stance, the surface of the earth or the | 


deck of a ship. It cannot be made to 
mean more than this. 

It is therefore unscientific to distin- 
guish between rest and motion, as be- 
tween two different states of a body in 
itself, since it is impossible to speak of 
a body being at rest or in motion except 
with reference, expressed or implied, to 
some other body. 


On CHANGE oF VeELocITy.—As we} 


have compared the velocities of different 
bodies at the same time, 80 we may com- 
pare the relative velocity of one body 
with respect to another at different 
times. 

If a, b, ¢,, be the diagram of the veloc- 
ities of the system of bodies, A, B, C, in 


Fie. 6. 


B % 
w e 
e . 
its original state, and if a,, },, c,, be the 
diagram of velocities in the final state of 
the system, then if we take any point 
as origin and draw » a equal and par- 
allel to a, a,, # equal and parallel to 
6, b,, w y equal and parallel to ¢, ¢c,, and 
so on, we shall form a diagram of points 
a, B, y, &c., such that any line a f in 
this diagram represents in direction and 
magnjtude the change of the velocity of 
B with respect to A. This diagram 
may be called the diagram of Total 
Accelerations. 


On AccELERATION.—The word Ac- 
celeration is here used to denote any 
change in the velocity, whether that 
change be an increase, a diminution, or a 
change of direction. Hence, instead of 
distinguishing, as in ordinary language, 
between the acceleration, the retardation, 

Vor. XVITL.—No, 4—21 





body, we say that the acceleration may 
be in the direction of motion, in the con- 
trary direction, or transverse to that 
direction. 

As the displacement of a system is de- 
fined to be the change of the configura- 
tion of the system, so the Total Accelera- 
tion of the system is defined to be the 
change of the velocities of the system. 
The process of constructing the diagram 
of total accelerations, by a comparison of 
the initial and final diagrams of veloci- 
ties, is the same as that by which the dia- 
gram of displacements was constructed 
by a comparison of the initial and final 
diagrams of configuration. 


On THE Rate or AcceELeRATION.—We 
have hitherto been considering the total 
acceleration which takes place during a 
certain interval of time. If the rate of 
acceleration is constant, it is measured 
by the total acceleration in a unit of time. 
If the rate of acceleration is variable, its 
value at a given instant is measured 


.| by the total acceleration in unit of time 


of a point whose acceleration is constant 
and equal to that of the particle at the 
given instant. 

It appears from this definition that 
the method of deducing the rate of ac- 
celeration from a knowledge of the total 
acceleration in any given time is pre- 
cisely analogous to that by which the 
velocity at any instant is deduced froma 
knowledge of the displacement in any 
given time. 

The diagram of total accelerations con- 
structed for an interval of the mth part 
of the unit of time, and then magnified 
n times, is a diagram of the mean rates 
of acceleration during that interval, and _ 
by taking the interval smaller and small- 
er, we ultimately arrive at the true rate 
of acceleration at the middle of that in- 
terval. 

As rates of acceleration have to be 
considered in physical science much 
more frequently than total accelerations, 
the word acceleration has come to be 
employed in the sense in which we have 
hitherto used the phrase—rate of ac- 
celeration. 

In future, therefore, when we use the 
word acceleration without qualification, 
we mean what we have here described 
as the rate of acceleration. 
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Diacram OF ACCELERATIONS.—The 
diagram of accelerations is a system of 
points, each of which corresponds to one 
of the bodies of the material system, and 
is such that any line a f in the diagram 
represents the rate of acceleration of the 
body B with respect to the body A. 


It may be well to observe here that. 
in the diagram of configuration we use| 


the capital letters, A, Bb, C, &c., to in- 
dicate the relative position of the bodies 


of the system; in the diagram of veloci- | 
ties we use the small letters, a, 4, c, to 


indicate the relative velocities of these 
bodies; and in the diagram of accelera- 


tions we use the Greek letters, a, f, y, | 
to indicate their relative accelerations. | 


ACCELERATION A RetativE Term.— | 
Acceleration, like position and velocity, | 


isa relative term and cannot be inter- 
preted absolutely. 

If every particle of the material uni- 
verse within the reach of our means of 
observation were at a given instant to 
have its velocity altered by compound- 


ing therewith a new velocity, the same, 


in magnitude and direction for every 
such particle, all the relative motions of 
bodies within the system would go on in 
a perfectly continuous manner, 
neither astronomers nor 
though using their instruments all the 


while, would be able to find out that. 


anything had happened. 

t is only if the change of motion 
occurs in a different manner in the differ- 
ent bodies of the system that any event 
capable of being observed takes place. 


CHAPTER III. 
ON FORCE. 


Kiyematics anD Kinetics.—We have 
hitherto been considering the motion of 
a system in its purely geometrical as- 
pect. We have shown how to study and 
describe the motion of such a system, 
howevery arbitrary, without taking into 
account any of the conditions of motion 
which arise from the mutual action 
between the bodies. 

The theory of motion treated in this 
way is called Kinematics. 
mutual action between bodies is taken 
into account, the science of motion is 
called Kinetics, and when special atten- 
tion is paid to force as the cause of mo- 
tion, it is called Dynamics. 


and | 
physicists, | 


When the | 


Murvat AcTION BETWEEN Two Bopixs 
—Srress.—The mutual action between 
two portions of matter receives different 
names according to the aspect under 
which it is studied, and this aspect de- 
pends on the extent of the material sys- 
tem which forms the subject of our 
attention. 

If we take into account the whole phe- 
‘nomenon of the action between the two 
portions of matter, we call it Stress. 
‘This stress, according to the mode in 
‘which it acts, may be described as 
Attraction, Repulsion, Tension, Pressure, 
Shearing stress, Torsion, &c. 


Exrernat Forcre.—But if, as in 
“Definition of a Material System,” we 
confine our attention to one of the por- 
tions of matter, we see, as it were, only 
one side of the transaction—namely, 
that which affects the portion of matter 
under our consideration—and we call 
|this aspect of the phenomenon, with 
reference to its effect, an External Force 
acting on that portion of matter, and 
with reference to its cause we call 
the Action of the other portion of mat- 
ter. The opposite aspect of the stress is 
called the Reaction on the other portion 
of matter. 

DirFERENT ASPECTS OF THE SAME 
PHENOMENON.—In commercial affairs 
the same transaction between two parties 
is called Buying when we consider one 
party, Selling when we consider the 
other, and Trade when we take both 
| parties into consideration. 
| The accountant who examines the 
records of the transaction finds that the 
'two parties have entered it on opposite 
sides of their respective ledgers, and in 
/comparing the books he must in every 
| case bear in mind in whose interest each 
book is made up. 

For similar reasons in dynamical in- 
| vestigations we must always remember 
which of the two bodies we are dealing 
with, so that we may state the forces in 
the interest of that body, and not set 
down any of the forces on the wrong 
| side of the account. 


| Newron’s Laws or Morion.—Ex- 
| ternal or “impressed ” force considered 
with reference to its effect—namely, the 
alteration of the motions of bodies—is 
completely defined and described in 
Newton’s three laws of motion. 
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The first law tells us under what con-| argument we may suppose so slow that 


ditions there is no external force. 

The second shows us how to measure 
the force when it exists. 

The third compares the two aspects of 
the action between two bodies, as it 
affects the one body or the other. 

Tue First Law or Morion.—Law I. 


Every body perseveres in its state of rest | 


by no experiments on moving bodies 
could we have detected the diminution 


|of velocity in hundreds of years. 


The velocity referred to in this hy- 
pothetical law can only be the velocity 
referred to a point absolutely at rest. 
For if it is a relative velocity its direc- 
tion as well as its magnitude depends on 


or of moving uniformly in a straight| the velocity of the point of reference. 


line, except in so far as it is made to 
change that state by external forces. 

The experimental argument for the 
truth of this law is, that in every case 
in which we find an alteration of the 
state of motion of a body, we can trace 
this alteration to some action between 
that body and another, that is to say, to 
an external force. The existence of this 
action is indicated by its effects on the 
other body when the motion of that 
body can be observed. Thus the motion 
of a cannon ball is retarded, but this 
arises from an action between the pro- 
jectile and the air which surrounds it, 
whereby the ball experiences a force in 
the direction opposite to its relative 
motion, while the air, pushed forward 
by an equal force, is itself set in motion, 
and constitutes what is called the wind 
of the cannon ball. 

But our conviction of the truth of 
this law may be greatly strengthened by 
considering what is involved in a denial 
of it. Given a body in motion. At a 
given instant let it be left to itself and 
not acted on by any force. What will 
happen? According to Newton’s law 
it will persevere in moving uniformly in 
a straight line, that is, its velocity will 
remain constant both in direction and 
magnitude. 

If the velocity does not remain con- 
stant let us suppose it to vary. The 
change of velocity, as we saw “On 


Change of Velocity,” must have a defi-| 
By the 


nite direction and magnitude. 
“Statement of the General Maxim of 
Physical Science,” this variation must 
be the same whatever be the time or 
place of the experiment. The direction 
of the change of motion must therefore 


be determined either by the direction of | 
the motion itself, or by some direction. 


fixed in the body. 
Let us, in the first place, suppose the 


If, when referred to a certain point, 
the body appears to be moving north- 
ward with diminishing velocity, we have 
only to refer it to another point moving 
northward with a uniform velocity 
greater than that of the body, and it 
will apper to be moving southward with 
increasing velocity. 

Hence the hypothetical law is without 
meaning, unless we admit the possibility 
of defining absolute rest and absolute 
velocity. 

Even if we admit this as a possibility, 
the hypothetical law, if found to be true, 
might be interpreted, not as a contradic- 
tion of Newton’s law, but as evidence of 
the resisting action of some medium in 
space. 

To take another case. Suppose the 
law to be that a body, not acted on by 
any force, ceases at Once to move. This 
is not only contradicted by experience, 
but it leads to a definition of absolute 
rest as the state which a body assumes as 
soon as it is freed from the action of ex- 
ternal forces. 

It may thus be shown that the denial 
of Newton’s law is in contradiction to 
the only system of consistent doctrine 
about space and time which the human 
mind has been able to form. 


On rue Equinierium or Forcss.—-If 
a body moves with constant velocity in 
a straight line, the external forces, if any, 
which act on it, balance each other, or 
are in equilibrium. 

Thus if a carriage in a railway train 
moves with constant velocity in a straight 
line, the external forces which act on it 
—such as the traction of the carriage in 
front of it pulling it forwards, the drag 
of that behind it, the friction of the 
rails, the resistance of the air acting 
backwards, the weight of the carriage 


‘acting downwards, and the pressure of 


law to be that the velocity diminishes at | the rails acting upwards——-must exactly 
a certain rate, which for the sake of the balance each other. 
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Bodies at rest with respect to the sur- | earth, or any other large mass of gravi- 
face of the earth are really in motion, | tating matter. 
and their motion is not constant nor in a 
Ture Seconp Law or Morion.—Law 


straight line. Hence the forces which IL—Ch i ie | ital 
act on them are not exactly balanced. |)** V/@"9¢ of motion  prepe = 
to the impressed force, and takes place in 


The apparent weight of bodies is esti- Rn. eae : :  s 
manele the bs ae force required to the direction in which .the force is im- 


keep them at rest relatively to the earth. |?” essed. 


The apparent weight is therefore rather | meen in on mene _ ” 
less than the attraction of the earth, and ™0@ern scentine language ve ee 
makes a smaller angle with the axis of | mentum, in which the quantity of matter 


the earth, so that the combined effect of | a i. eo ery —" as well as 
the supporting force and the earth’s | Hs Tale sw yo a. - — 
attraction is a foree perpendicular to the | 7, a ae eee Se 

now called Impulse, in which the time 


eg vaglt flici 
revere yuk sence to canes Me during which the force acts is taken into 


body to keep to the circular path which | ; : 
it i ieaiiiios if resting a ae earth. one as well as the intensity of the 
’ 

DeriniTion oF Equat Trwes.—The| Derririon or Equa Masszs AND OF 
first law of motion, by stating under|EquaL Forces.—An exposition of the 
what circumstances the velocity of a|/law therefore involves a definition of 
moving body remains constant, supplies | equal quantities of matter and of equal 
us with a method of defining equal in- | forces. 
tervals of time. Let the material system | We shall assume that it is possible to 
consist of two bodies which do not act|cause the force with which one body 
on one another, and which are not acted acts on another to be of the same intens- 
on by any body external to the system. |ity on different occasions, 

If one of these bodies is in motion with; If weadmit the permanency of the pro- 
respect to the other, the relative velocity | perties of bodies this can be done. We 


will, by the first law of motion, be con-| know that a thread of caoutchouc when 
stant and in a straight line. | stretched beyond a certain length exerts 

Hence intervals of time are equal |a tension which increases the more the 
when the relative displacements during | thread is elongated. On account of this 


those intervals are equal. [property the thread is said to be elastic. 


This might at first sight appear to be When the same thread is drawn out to 
nothing more than a definition of what! the same length it will, if its properties 
we mean by equal intervals of time, an | remain constant, exert the same tension. 
expression which we have not hitherto | Now let one end of the thread be fasten- 
defined at all. ed to a body, M, not acted on by any 

But if we suppose another moving | other force than the tension of the thread, 
system of two bodies to exist, each of and let the other end be held in the hand 
which is not acted upon by any body and pulled in a constant direction with 
whatever, this second system will give a force just sufficient to elongate the 
us an independent method of comparing thread to a given length; the force act- 
intervals of time. ing on the body will then be of a given 

The statement that equal intervals of intensity, F. The body will acquire 
time are those during which equal dis-| velocity, and at the end of a unit of 
placements occur in any such system, is|time this velocity will have a certain 
therefore equivalent to the assertion that value, V. 
the comparison of intervals of time leads; If the same string be fastened to 
to the same result, whether we use the| another body, N, and pulled as in the 
first system of two bodies or the second |former case, so that the elongation is 
system as our time-piece. the same as before, the force acting on 

We thus see the theoretical possibility | the body will be the same, and if the 
of comparing intervals of time however}/velocity communicated to N in a unit of 
distant, though it is hardly necessary to| time is also the same, namely, V, then 
remark that the method cannot be put in | we say of the two bodies M and N that 
practice in the neighborhood of the| they consist of equal quantities of mat- 





MATTER AND MOTION. 





ter, or, in modern language, they are towards the earth, whatever they are 


equal in mass. In this way, by the use of 
an elastic string, we might adjust the 
masses of a number of bodies so as to 
be each equal to a standard unit of mass, 
such as a pound avoirdupois, which is 
the standard of mass in Britain. 


in actual use. 

As long as we have to do with bodies 
of exactly the same kind, there is no 
difficulty in understanding how the quan- 
tity of matter is to be measured. If 
equal quantities of the substance produce 
equal effects of any kind, we may employ 
these effects as measures of the quantity 
of the substance. 

For instance, if we are dealing with 
sulphuric acid of uniform strength, we 
may estimate the quantity of a given 
portion of it in several different ways. 
We may weigh it, we may pour it into a 
graduated vessel, and so measure its vol- 
ume, or we may ascertain how much of 
a standard solution of potash it will neu- 
tralize. 

We might use the same methods to 
estimate a quantity of nitric acid -if 
we were dealing only with nitric acid; 
but if we wished to compare a quantity 


of nitric acid with a quantity of sul- 


phuric acid we should obtain different 
results by weighing, by measuring, and 
by testing with an alkaline solution. 

Of these three methods, that of weigh- 
ing depends on the attraction between 
the acid and the earth, that of measuring 
depends on the volume which the acid 
occupies, and that of titration depends 
on its power of combining with potash. 

In abstract dynamics, however, matter 
is considered under no other aspect than 
as that which can have its motion changed 
by the application of force. Hence any 
two bodies are of equal mass if equal 
forces applied to these bodies produce, in 
equal times, equal changes of velocity. 
This is the only definition of equal 
masses which can be admitted in dynam- 
ics, and it is applicable to all material 
bodies, whatever they may be made of. 

It is an observed fact that bodies of 
equal mass, placed in the same position 
relative to the earth, are attracted equally 


, Avoirdupois.” 


made of; tut this is not a doctrine of ab- 


'stract dynamics, founded on axiomatic 


principles, but a fact discovered by ob- 
servation, and verified by the careful ex- 
periments of Newton,* on the times of 
oscillation of hollow wooden balls sus- 


/pended by strings of the same length, 

MEASUREMENT OF Mass.—The sacien- 
tific value of the dynamical method of | 
comparing quantities of matter is best | 
seen by comparing it with other methods | 
|geographical position the weights of 


and containing gold, silver; lead, glass, 
sand, common salt, wood, water, and 
wheat. 

The fact, however, that in the same 


equal masses are equal, is so well estab- 


lished, that no other mode of comparing 
‘masses than that of comparing their 


weights is ever made use of, either in 
commerce or in science, except in re- 
searches undertaken for the special pur- 
pose of determining, in absolute measure, 
the weight of unit of mass at different 
parts of the earth’s surface. The method 
employed in these researches is essential- 
ly the same as that of Newton, namely, 
by measuring the length of a pendulum 
which swings seconds. 

The unit of mass in this country is 
defined by the Act of Parliament (18 & 
19 Vict. c. 72, July 30, 1855) to be a 
piece of platinum marked “P. S., 1844, 
1 Ib.” deposited in the office of the 
Exchequer, which “shall be and be de- 
nominated the Imperial Standard Pound 
One seven-thousandth 
part of this pound is a grain. The 
French Standard of mass is the “ Kilo- 
gramme des Archives,” made of platinum 
by Borda. Professor Miller finds the 
kilogramme equal to 15432.34874 grains, 


NumeEricaL MEasuREMENT OF Force. 
—The unit of force is that force which, 
acting on the unit of mass for the unit 
of time, generates unit of velocity. 

Thus the weight of a gramme—that is 
to say, the force which causes it to fall 
—may be asserted by letting it fal 
freely. At the end of one second its 
velocity will be about 981 centimeters 
per second if the experiment be in 
Britain. Hence the weight of a gramme 
is represented by the number 981, if the 
centimeter, the gramme, and the second 
are taken as the fundamental units. 

It is sometimes convenient to compare 
forces with the weight of a body, and to 
speak of a force of so many pounds 





* “Principia,” III., Prop. 6. 
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weight or grammes weight. This is | body, and this does not affect the ac- 
called Gravitation measure. We must | celeration produced by the first force. 
remember, however, that though apound| Hence we arrive at the following form 
or a gramme is the same all over the/of the law. When any number of forces 
world, the weight of a pound or a/act on a body, the acceleration due to 
gramme is greater in high latitudes than | each force is the same in direction and 
near the equator, and therefore a meas-| magnitude as if the others had not been 
urement of force in gravitation measure | in action. 
is of no scientific value unless it is stated) When a force, constant in direction 
in what part of the world the measure- and magnitude, acts on a body, the total 
ment was made. _acceleration is proportional to the inter- 
If, as in Britain, the units of length, | val of time during which the force acts. 
mass, and time are one foot, one pound,, For if the force produces a certain 
and one second, the unit of force is that total acceleration in a given interval of 
which, in one second, would communi- | time, it will produce an equal total ac- 
cate to one pound a velocity of one foot | celeration in the next, because the effect 


per second. This unit of force is called|of the force does not depend upon the 


a Poundal. 

In the French metric system the units 
are one centimeter, one gramme, and one 
second. The force which in one second 
would communicate to one gramme a 
velocity of one centimeter per second is 
called a Dyne. 

Since the foot is 30.4797 centimeters 
and the pound is 453.59 grammes, the | 
poundal is 13825.38 dynes. | 


SmMuLTANEOvus AcTION OF FoRCEs ON | 


A Bopy.—Now let a unit of force act for | 
unit of time upon unit of mass. The; 
velocity of the mass will be changed, | 
and the total acceleration will be unity | 
in the direction of the force. 

The magnitude and direction of this 
total acceleration will be the same 
whether the body is originally at rest or| 
in motion. For the expression “at 
rest” has no scientific meaning, and the 
expression “in motion,” if it refers to 
relative motion, may mean anything, and | 
if it refers to absolute motion can only | 








velocity which the bedy has when the 
force acts on it. Hence in every equal 
interval of time there will be an equal 
change of the velocity, and the total 
change of velocity from the beginning 
of the motion will be proportional to the 
time of action of the force. 

The total acceleration in a given time 
is proportional to the force. 

For if several equal forces act in the 
same direction on the same body in the 
same direction, each produces its effect 
independently of the others. Hence the 
total acceleration is proportional to the 
number of the equal forces. 


On Imputse.—The total effect of a 
force in communicating velocity to a 
body is therefore proportional to the 
force and to the time during which it 
acts conjointly. 

The product of the time of action of a 
force into its intensity if it is constant, 
or its mean intensity if it is variable, is 
called the Jmpuilse of the force. 

There are certain cases in which a 


refer to some medium fixed in space. To) force acts for so short a time that it is 
discover the existence of a medium, and | difficult to estimate either its intensity 
to determine our velocity with respect to | or the time during which it acts. But it 
it by observation on the motion of! is comparatively easy to measure the 
bodies, is a legitimate scientific inquiry, | effect of the force in altering the motion 
but supposing all this done we should | of the body on which it acts, which, as 
have discovered, not an error in the laws | we have seen, depends on the impulse. 
of motion, but a new fact in science. | The word impulse was originally used 
Hence the effect of a given force on a| to denote the effect of a force of short 
body does not depend on the motion of | duration, such as that of a hammer 
that body. striking a nail. There is no essential 
Neither is it affected by the simulta-| difference, however, between this case 
neous action of other forces on the body. | and any other case of the action of force. 
For the effect of these forces on the | We shall therefore use the word impulse 
body is only to produce motion in the'as above defined, without restricting it 
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to cases in which the action is of an ex- | forces, and from the end of this line an- 
ceptionally transient character. other representing the acceleration due 
R x ee to another force, and: so on, drawing 
9g ee cs -etongang ap rat aga lines for each of the forces taken in an 
<a © Ces Gee Oe 6 ee ‘order, then the line drawn from the ori- 
certain interval of time, the impulse, a8 gin to the extremity of the last of the 
we have seen, is measured by the veloci-| jines will represent the acceleration due 
a spine sa f equal forces act in the to the combined action of all the forces. 
ae we See : Since in this diagram lines which rep- 
same direction, each wll pea ging resent the accelerations are in the same 
the different “ee baie *- —— d the | proportion as the forces to which these 
pos gana Pligg pray ‘tho Ser clo accelerations are due, we may consider 
ee + Bes : The te sa gg the | the lines as representing these forces 
, ? |themselves. The diagram, thus under- 
whole body is equal to that produced by stood, may be called . Diagram of 
one of the forces acting on a unit of| Forces, and the line from the origin to 
le, on the foves required $0 produce 0 the extremity of the series represents the 
Rg  s , : Resultant Force. 
pe Sa = ——. bandh 4 ur he An important case is that in which the 
= Senge h the bod , set of lines representing the forces ter- 
of mass of which the body consists. minate at the origin so as to form a closed 
. figure. In this case there is no resultant 
rn gern pe one —— force, and no acceleration. The effects 
ie of the Game af re of ma in| of the forces are exactly balanced, and 
dia tule tate ee camer of ene of the case is one of equilibrium. The dis- 
welesiter oth which it is moving cussion of cases of equilibrium forms the 
The momentum of any body is thus subject of the eclence of Station. 
semen ty teeune of ts eaten oft It is manifest that since the system of 
unit of mass moving with unit of veloci- forees is exactly balanced, sad is equiv. 
& alent to no force at all, the forces will 


— is taken as the unit of momen-| 51.9 be balanced if they act in the same 
= ™ way on any other material system, what- 
The — a ae 98 > ever be the mass of that system. This 
a om xs ly be jon se a ¥ th ‘© is the reason why the consideration of 
vetloemy can only de estimated wit Te-| mass does not enter into statical investi- 


spect to some point of reference, so the 
particular value of the momentum de- 
pends on the point of reference which) Tue Turrp Law or Morion.—Law 
we assume. The momentum of the III.—eaction is always equal and op- 
moon, for example, will be very different posite to action, that is to say, the actions 
according as we take the earth or the sun of two bodies upon each other are always 
for the point of reference. equal and in opposite directions. 
When the bodies between which the 
STATEMENT OF THE SECOND Law oF action takes place are not acted on by 
Motion 1n Terms OF ImpctsE amp Mo-| any other force, the changes in their re- 
mMENTUM.— The change of momentum of spective momenta produced by the action 
a body is numerically equal to the im- are equal and in opposite directions. 
pulse which produces it, and is in the The changes in the velocities of the 
same direction. two bodies are also in opposite directions, ' 
bnt not equal, except in the case of equal 
masses. In other cases the changes of 


each force produces an acceleration pro- Velocity are in the inverse ratio of the 
portional to its own magnitude (“ Meas- ™#SS€S- 

urement of Mass”). Hence if inthedia- Action anp REacTION ARE THE Par- 
gram of accelerations (See “ Diagram of Tia, Aspects or a Srress.—We have 
Accelerations”) we draw from any origin | already (“‘ Mutual Action—Stress,” ete.) 
a line representing in direction and mag- | used the word stress to denote the mutual 
nitude the acceleration due to one of the action between two portions of matter. 


gations. 


AppiTion oF Forcres.—If any number 
of forces act simultaneously on a body, 
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This word was borrowed from common 
language, and invested with a precise 
scientific meaning by the late Professor 


several other valuable scientific terms. | 

As soon as we have formed for our-| 
selves the idea of a stress, such as the) 
Tension of a rope or the Pressure be-| 
tween two bodies, and have recognized | 
its double aspect as it affects the two) 
portions of matter between which it, 
acts, the third law of motion is seen to| 
be equivalent to the statement that all | 
force is of the nature of stress, that stress | 
exists only between two portions of | 
matter, and that its effeets on these por- | 
tions of matter (measured by the mo-| 
mentum generated in a given time) are | 
equal and opposite. 

The stress is measured numerically by | 
the force exerted on either of the two) 
portions of matter. It is distinguished 
as a tension when the force acting on 
either portion is towards the other, and 
as a pressure when the force acting on 
either portion is away from the other. 

When the force is inclined to the sur- 
face which separates the two portions of 
matter the stress cannot be distinguished 
by any term in ordinary language, but 
must be defined by technical mathemati- 
cal terms. 

When a tension is exerted between 
two bodies by the medium of a string, 
the stress, properly speaking, is between 
any two parts into which the string may 
be supposed to be divided by an imagin- | 
ary section or transverse interface. If, | 
however, we neglect the weight of the| 
string, each portion of the string is in| 
equilibrium under the action of the ten- | 
sions at its extremities, so that the ten- | 
sions at any two transverse interfaces of | 


| 


Rankine, to whom we are indebted for! 


two magnets or two electrified bodies 
appear to act on each other when placed 
at considerable distances apart, and the 
motions of the heavenly bodies are ob- 
served to be affected in a manner which 
depends on their relative position. 
his mutual action between distant 

bodies is called attraction when it tends 
to bring them nearer, and repulsion when 
it tends to separate them. 

In all cases, however, the action and 
reaction bétween the bodies are equal 
and opposite. 


Tae Turrp Law Truk or AcTION AT 
A Distance.—The fact that a magnet 
draws iron towards it was noticed by 
the ancients, but no attention was paid 
to the force with which the iron attracts 
the magnet. Newton, however, by 
placing the magnet in one vessel and the 
iron in another, and floating both vessels 


in water so as to touch each other, showed 
experimentally that as neither vessel was 


able to propel the other along with itself 
through the water, the attraction of the 
iron on the magnet must be equal and 
opposite to that of the magnet on the 
iron, both being equal to the pressure 
between the two vessels. 

Having given this experimental illus- 
tration Newton goes on to point ont the 
consequence of denying the truth of this 
law. For instance, if the attraction of 
any part of the earth, say a mountain, 
upon the remainder of the earth were 
greater or less than that of the remainder 
of the earth upon the mountain, there 
would be a residual force, acting upon 
the system of the earth and the mountain 
as a whole, which would cause it to 
move off, with an _ ever-increasing 
velocity, through infinite space. 


the string must be the same. For this; Newron’s Proor nor ExpEeriMENTAL. 
reason we often speak of the tension of —This is contrary to the first law of 
. the string as a whole, without specifying motion, which asserts that a body does 
any particular section of it, and also the not change its state of motion unless 
tension between the two bodies, without | acted on by external force. It cannot be 
considering the nature of the string | affirmed to be contrary to experience, for 
through which the tension is exerted. the effect of an inequality between the 
attraction of the earth on the mountain 
ATTRACTION AND Repvutsion.—There | and the mountain on the earth would be 
are other cases in which two bodies at a. the same as that of a force equal to the 
distance appear mutually to act on each difference of these attractions acting in 
other, though we are not able to detect the direction of the line joining the 
any intermediate body, like the string in | center of the earth with the mountain. 
the former example, through which; If the mountain were at the equator 
the action takes place. For instance, | the earth would be made to rotate about 
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an axis parallel to the axis about which 
it would otherwise rotate, but not pass- 
ing exactly through the center of the 
earth’s mass. 

If the mountain were at one of the 
poles, the constant force parallel to the 
earth’s axis would cause the orbit of the 
earth about the sun to be slightly 
shifted to the north or south of a plane 
passing through the center of the sun’s 
mass. 

If the mountain were at any other 
part of the earth’s surface its effect 
would be partly of the one kind and 
partly of the other. 


Neither of these effects, unless they | 


were very large, could be detected by 
direct astronomical observations, and the 
indirect method of detecting small 
forces, by their effect in slowly altering 
the elements of a planet’s orbit, pre- 
supposes that the law of gravitation is 
known to be true. To prove the laws 
of motion by the law of gravitation 
would be an inversion of scientific order. 
We might as well prove the law of addi- 
tion of numbers by the differential cal- 
culus. 

We cannot, therefore, regard Newton’s 
statement as an appeal to experience and 
observation, but rather as a deduction 
of the third law of motion from the first. 


CHAPTER IV. 


ON THE PROPERTIES OF THE CENTER 
OF MASS OF A MATERIAL SYSTEM. 


DEFINITION oF A Mass-Vector.—We 
have seen that a vector represents the 
operation of carrying a tracing point 
from a given origin to a given point. 

Let us define a mass-vector as the 
operation of carrying a given mass from 
the origin to the given point. The 
direction of the mass-vector is the same 
as that of the vector of the mass, but its 
magnitude is the product of the mass 
into the vector of the mass. 

Thus if OA is the vector of the mass 
A, the mass-vector is OA.A. 

CENTER OF Mass or Two Parrvicies, 
—If A and B are two masses, and if a 
point C be taken in the straight line AB, 
so that BC is to CA as A to B, then the 
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For OA.A+0B.B=(0C+CA)A+ (OC 
+CB)B 
=0C0(A+B)+CA.A 
+CB.B. 
Now the mass-vectors CA.A and CB.B 
‘are equal and opposite, and so destroy 
‘each other, so that OA.A+OB.B=O0C 
(A+B) 
Fie. 7. 


Cc 


0 


or, Cis a point such that if the masses of 
A and B were concentrated at C, their 
mass-vector from any origin O would be 
the same as when A and B are in their 
actual positions. The point C is called 
the Center of Mass of A and B. 


| CrntTerR or Mass or a Systrem.—lIf 
|the system consists of any number of 
| particles, we may begin by finding the 
center of mass of any two particles, and 
substituting for the two particles a 
particle equal to their sum placed at 
their center of mass. We may then find 
the center of mass of this particle, to- 
gether with the third particle of the 
system, and place the sum of the three 
particles at this point, and so on till we 
have found the center of mass of the 
whole system. 

The mass-vector drawn from any 
origin to a mass, equal to that of the 
whole system placed at the center of 
mass of the system, is equal to the sum 
of the mass-vectors drawn from the 
same origin to all the particles of the 
system. 

It follows, from the proof in “ Center 
of Mass of Two Particles,” that the 
point found by the construction here 
given satisfies this condition. It is plain 
from the condition itself that only one 
point can satisfy it. Hence the con- 
struction must lead to the same result, 
as to the position of the center of mass, 
|in whatever order we take the particles 
of the system. 

The center of mass is therefore a detin- 








mass-vector of a mass A+ b placed at C | 
is equal to the sum of the mass-vectors | ite point in the diagram of the configu- 
of A and B. ‘ration of the system. By assigning to 
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the different points in the diagrams of 
displacement, velocity, total acceleration, 
and rate of acceleration, the masses of 
the bodies to which they correspond, we 
may find in each of these diagrams a 
point which corresponds to the center of 
mass, and indicates the displacement, 
velocity, total acceleration of the center 
of mass. 


Momentum REPRESENTED AS THE 
Rate or CuanGeE or a Mass-Vecror.— 
In the diagram of velocities, if the points 
0, a, 6, c, correspond to the velocities of | 
the origin O and the bodies A, B, C, and 
if p be the center of mass of A and B 
placed at a and b respectively, and if g 
is the center of mass of A+B placed at 
p and C at ¢, then g will be the center 
of mass of the system of bodies A, B, C, 
at a, b, c, respectively. 


Fig. 8. 
p 





c 


The velocity of A with respect to O is 
indicated by the vector o a, and that of 
Band C byodand oc. op is the veloc- 
ity of the center of mass of A and B, 
and og that of the center of mass of 
A, B, and C, with respect to O. 

The momentum of A with respect to| 
O is the product of the velocity into the 
mass, or o a.A, or what we have already 
called the mass-vector, drawn from o to 
the mass A ata. Similarly the moment- 
um of any other body is the mass-vector 
drawn from oto the point on the dia- 
gram of velocities corresponding to that 
body, and the momentum of the mass of 
the system concentrated at the center of 
mass is the mass-vector drawn from o to 
the whole mass at g. : 

Since, therefore, a mass-vector in the 
diagram of velocities is what we have 
already defined as a momentum, we may 
state the property proved in “Center of 
Mass of aSystem,” in terms of momenta, 
thus: The momentum of a mass equal to 
that of the whole system, moving with 
the velocity of the center of mass of the 
system, is equal in magnitude and 
parallel in direction to the sum of the 
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momenta of all the particles of the sys- 
tem. 


Errect or ExTernat Forces ON THE 
Morton or tHe Center or Mass.—In 
the same way in the diagram of Total 
Acceleration the vectors w a, w 6, drawn 
from the origin, represent the change of 
velocity of the bodies A, B, &c., during 
a certain interval of time. The corre- 
sponding mass-vectors, wa.A, w f.B., 
&c., represent the corresponding changes 


Fie. 9. 


\ 
\ 


of momentum, or, by the second law of 
motion, the impulses of the forces acting 
on these bodies during that interval of 
time. If kis the center of mass of the 
system wk is the change of velocity 
during the interval, and ok (A+B+C) 
is the momentum generated in the mass 
concentrated at the center of gravity. 
Hence, by “ Center of Mass of aSystem,” 
the change of momentum of the imagi- 
nary mass equal to that of the whole 
system concentrated at the center of 
mass is equal to the sum of the changes 
of momentum of all the differéht bodies 
of the system. 

In virtue of the second law of motion 
we may put this result in the following 
form : 

The effect of the forces acting on the 
different bodies of the system in altering 
the motion of the center of mass of the 
system is the same as if all these forces 
had been applied to a mass equal to the 
whole mass of system, and coinciding 
with its center of mass. 





WwW 
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Tue Motion oF THE CENTER OF Mass 
or A System 1s NoT AFFECTED BY THE 
Mutua AcTION OF THE ParRTs OF THE 
Sysrem.--For if there is an action be- 
tween two parts of the system, say A 
and B, the action of A on Bis always, 
by the third law of motion, equal and 
opposite to the reaction of B on A. The 
momentum generated in B by the action 
of A during any interval is therefore 
equal and opposite to that generated in 
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A by the reaction of B during the same 
interval, and the motion of the center of 


mass of A and B is therefore not affected | 


by their mutual action. 

We may apply the result of the last 
article to this case and say, that since 
the forces on A and on B arising from 
their mutual action are equal and oppo- 


site, and since the effect of these forces | 


on the motion of the center of mass of 
the system is the same as if they had 


been applied to a particle whose mass) 
is equal to the whole mass of the system, | 


and since the effect of two forces equal 


and opposite to each other is zero, the 


motion of the center of mass will not be 
affected. 


First anp Seconp Laws or Motion. 
—This is a very important result. It 
enables us to render more precise the 
enunciation of the first and second laws 
of motion, by defining that by the 
velocity of a body is meant the velocity 
of its center of mass. The body may be 
rotating, or it may consist of parts, and 
be capable of changes of configuration, 
so that the motions of different parts 
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‘Toran AccELERATIONS, AND RATES OF 


AccELERATION, TO Mass-Vecrors, Mass 
DisPLACEMENTs, Momenta, IMPULSES, 
AND Movine Forers.—In the diagram 
of rates of acceleration (Fig. 9, “ Effect 
of External Forces on the Motion of the 
Center of Mass),” the vectors wa, w f, 
&c., drawn from the origin, represent 
the rates of acceleration of the bodies 
A, B, &c., at a given instant, with re- 
spect to that of the origin O. 

The corresponding mass-vectors, w a-A, 
w §.B, &¢e., represent the forces acting 
on the bodies A, B, &c. 

We sometimes speak of several forces 


acting on a body, when the force acting 


on the body arises from several different 
causes, so that we naturally consider the 
parts of the force arising from these 


different causes separately. 


But when we consider force, not with 
respect to its causes, but with respect to 


\its effect—that of altering the motion of 


may be different, but we can still assert | 


the laws of motion in the following 
form : 

Law I. The center of mass of the sys- 
tem perseveres in its state of rest, or of 
uniform motion in a straight line, except 
in so far as it is made to change that 
state by forces acting on the system 
from without. 

Law II. The change of momentum of 


the system during any interval of time, 
is measured by the sum of the impulses | 


of the external forces during that inter- 
val. 


Metuop or TREATING SYSTEMS OF 


up of parts which are so small that we can- | 


not observe them, and whose motions are 
so rapid and so variable that even if we 


describe them, we are still able to deal 
with the motion of the center of mass 
of the system, because the internal forces 
which cause the variation of the motion 
of the parts do not affect the motion of 
the center of mass. 


By rue INTRODUCTION OF THE IDEA OF | 


Mass we pass FROM Point-VeEcrors, 
Pornr Displacements, 


VELOCITIEs, | 


a body—we speak not of the forces, but 
of the force acting on the body, and this 
force is measured by the rate of change 
of the momentum of the body, and is in- 
dicated by the mass-vector in the dia- 
gram of rates of acceleration. 

We have thus a series of different 
kinds of mass-vectors corresponding to 
the series of vectors which we have 
already discussed. 

We have, in the first place, a system 
of mass-vectors with a common origin, 
which we may regard as a method of 
indicating the distribution of mass in a 
material system, just as the correspond- 
ing system of vectors indicate the geo- 
metrical configuration of the system. 

In the next place, by comparing the 
distribution of mass at two different 


Motecures.—When the sytem is made | (Pochs, we ehesin © eysiem of mene 


vectors of displacement. 
The rate of mass displacement is mo- 
mentum, just as the rate of displacement 


13 1 ; " 
could observe them we could not! *® mC OCly 


The change of momentum is impulse 


as the change of velocity is total accel- 


eration. 

The rate of change of momentum is 
moving force, as the rate of change of 
velocity is rate of acceleration. 


Derrnition or A Mass-Arga.—When 
a material particle moves from one 
point to another, twice the area swept 
out by the vector of the particle multi- 
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plied by the mass of the particle is called | cle into the perpendicular from the origin 
the mass-area of the displacement of the' on the line of action of this force. 
particle with respect to the origin from! Now the produce of a force into the 
which the vector is drawn. perpendicular from the origin on its line 
If the area is in one plane, the direc-| of action is called the Moment of the 
tion of the mass-area is normal to the/ Force about the origin. The axis of the 


plane, drawn so that, looking in the pos-| moment, which indicates its direction, is 
itive direction along the normal, the|a vector drawn perpendicular to the 


motion of the particle round its area ap-| plane passing through the force and the 
origin, and in such a direction that look- 


pears to be the direction of the motion 


of the hands of a watch. 

If the area is in one plane, the path 
of the particle must be divided into por- 
tions so small that each coincides sensibly 
with a straight line, and the mass-areas 
corresponding to these portions must be 
added together by the rule for the addi- 
tion of vectors. 


AnGuLAR Momentum.—The rate of 
change of a mass-area is twice the mass 
of the particle into the triangle, whose 
vertex is the origin and whose base is 
the velocity of the particle measured 
along the line through the particle in the 
direction of its motion. 
of this mass-area is indicated by the 
normal drawn according to the rule 
given above. 

The rate of change of the mass-area 


ing along this line in the direction in 
|which it is drawn, the force tends to 
| move the particle round the origin in the 
| direction of the hands of a watch. 

|_ Hence the rate of change of the angu- 
‘lar momentum of a particle about the 
| origin is measured by the moment of the 
'foree which acts on the particle about 
that point. 

| The rate of change of the angular mo- 
/mentum of a material system about the 
‘origin is in like manner measured by the 
‘geometric sum of the moments of the 
forces which act on the particles of the 
| system. 


The direction | 


CONSERVATION OF ANGULAR MoMENT- 
'um.—Now consider any two particles 
of the system. The forces acting on 
these twe particles, arising from their 


of a particle is called the Angular Mo-/| mutual action, are equal, opposite, and 
mentum of the particle about the origin, in the same straight line. Hence the 
and the sum of the angular momenta of | moments of these forces about any point 
all the particles is called the angular as origin are equal, opposite, and about 
momentum of the system about the|the same axis. The sum of these mo- 
origin. ments is therefore zero. In like manner 

The angular momentum of a material the mutual action between every other 
system with respect to a point is, there- | pair of particles in the system consists of 
fore, a quantity having a definite direc- | two forces, the sum of whose moments 


tion as well as a definite magnitude. 

The definition of the angular moment- 
um of a particle about a point may be 
expressed somewhat differently-—as the 
product of the momentum of the particle 
with respect to that point into the per- 
pendicular from that point on the line 
of motion of the particle at that instant. 


Moment oF A Force axnovur a Point. 
—The rate of increase of the angular 
momentum of a particle is the continued 
product of the rate of atceleration of the 
velocity of the particle into the mass of 
the particle into the perpendicular from 
the origin on the line through the parti- 
cle alon 
place. fn other words, it is the product 
of the moving force acting on the parti- 


jthe forces. 


which the acceleration takes | 


is zero. 
Hence the mutual action between the 


| bodies of a material system does not affect 


the geometric sum of the moments of 
The only forces, therefore, 
which need be considered in finding the 
geometric sum of the moments are those 
which are external to the system--that 
is to say, between the whole or any part 
of the system and bodies not included in 
the system. 

*The rate of change of the angular 
momentum of the system is therefore 
measured by the geometric sum of the 
moments of the external forces acting on 
the system. 

If the directions of all the external 
\forces pass through the origin, their 
/moments are zero, aud the angular mo- 
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mentum of the system will remain con- | 
stant. - 

When a planet describes an orbit 
about the sun, the direction of the 
mutual action between the two bodies 
always passes through their common. 
center of mass. Hence the’ angular) 
momentum of either body about their 
common center of mass remains constant, | 
so far as these two bodies only are con- | 
cerned, though it may be affected by! 
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the action of other planets. If, however, 


| we include all the planets in the system, 


the geometric sum of their angular 
momenta about their common center of 
mass will remain absolutely constant, 
whatever may be their mutual actions, 
provided no force arising from bodies 
external to the whole solar system acts 
in an unequal manner upon the different 
members of the system. 





STEEL SHIPS. 


From ** The Nautical Magazine.” 


For some years past, naval architects 
have been looking forward to the period 
when steel would definitely take the 
place of iron in shipbuilding, and it is 
now sgid that we are on the eve of the 
change. When some years ago steel 


was talked of, which would take a break- 
ing:strain of over fifty-tons to the square 
inch, it was thought that ships might be 
built of half the weight of material re- 
quired in the case of iron. 


The strong 
steel was tried and found to be altogether 
unreliable, plates with no perceptible 
fault would suddenly break after yf 
had been riveted up in the ship, and al- 
together the material was pronounced to 
be of such uncertain character as to be 
unfit for shipbuilding. Since that time, 
however, another kind of steel has been 
introduced, and now vessels have been 
built of it for the Admiralty and for the 
merchant service, and recently the Com- 
mittee of Lloyd’s Register have issued a 
circular on the subject, giving the general 
conditions under which it may be used, 
and the percentage of reduction in the 
scantlings for iron ships which may be 
allowed when steel is substituted for 
iron. It is now said that mé/d steel may 
be made as reliable as wrought-iron, but 
the idea of doing with half the weight 
of material and having a breaking-strain 
of fifty-tons to the square inch has been 
abandoned; the steel now used takes a 
breaking-strain of about twenty-seven 
tons, and a reduction of twenty per 
cent. in scantlings is the extent of what 
is to be allowed for it. 

It may, perhaps, be as well for us to 





preface our remarks upon the question 
of steel ships by a few words upon the 
difference between iron and steel, or 
rather the metal to which the latter 
terms has hitherto been applied. In 
most of the methods in use for extracting 
iron and steel from the ores, the first 
part of the process has had for its ob- 
ject the production of pigs of cast-iron. 
This is only of use for castings; it can- 
not be welded or otherwise worked, 
owing to the presence of impurities of 
which the chief are silicon, sulphur, phos- 
phorus, and carbon. These substances 
are found in very variable proportions in 
cast-iron, the last named, however, 
usually constitutes two to five per cent. 

Wrougit-iron is mostly obtained from 
cast-iron by processes having for their 
object the removal of these substances, 
the name “wrought-iron” being re- 
stricted by metallurgists to the metal 
capable of being welded and containing 
less than 5, per cent. of carbon. Even 
when there is more than ,?; per cent. of 
carbon, the metal is spoken of as a 
“steely” iron. The process by which 
wrought-iron has usually been produced 
from cast-iron, is known as “ puddling,” 
the pigs are melted in a furnace where 
they are apart from the fuel, and the 
fluid mass is exposed to the action of 
oxygen, partly obtained from the air, 
partly by having stirred up with it pow- 
dered iron ore, rich in oxygen. The 
temperature of the puddling furnace is 
so moderated that the iron, as it is freed 
from its impurities, becomes pasty and 
then solidifies, the melting point of pure 
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iron being much higher than that of the 
alloys which constitute pig-iron. The 
process of puddling has usually been 
accomplished by manual labor, and the 
wrought-iron which is drawn from the 
furnace in the shape of balls is not of 


the same character throughout, owing to | 


its having been produced in a pasty con- 
dition. The presence of cinder and 
other imperfections, is also said to cause 
that want of homogeneity which pro- 
duces the appearance of “grain” or 
fibre in wrought iron. The fibre is, of 
course, drawn out by the subsequent 


processes of hammering and rolling, by | 


which plates and angle irons are manu- 
factured from the puddled balls. The 
term steel has been applied to an alloy 
of iron intermediate in character between 
wrought-iron and cast-iron. In works 
on metallurgy, it is usually stated that 


when iron is alloyed with carbon to the | 
extent of over three and under eighteen | 


or twenty parts in the thousand, the 
metal takes the name of steel. The 


characteristic properties of steel, how-| 
malleable like | 


ever, are, that it is 


wrought-iron, and that if it be heated, | 
and then plunged into a cold fluid, it is| 


hardened by such treatment,—in other) 


words it can be tempered. The quality 


of steel is more injuriously affected by | 
the presence of impurities than is that of | 
Thus it is stated, that 
pure steel, with as much as three per) 
cent. of carbon, is a malleable metal, 


wrought iron. 


but Bessemer steel, in which there is 
present but a very small proportion of 
silicon, is not malleable when the per- 
centage of carbon exceeds two. 
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For | 
this reason it has been usual to make, 


ters, is introduced in a molten state, and 

the mixed metal is then cast in moulds. 
A material can thus be produced with any 
required percentage of carbon. Latterly, 
a specially prepared alloy, known as 
ferro-manganese, has been used in place 
of speigeleisen in the manufacture of 
some kinds of steel. In another method, 
known as the Siemens-Martin process, 
steel is made from pig-iron, speigeleisen, 
and steel or iron scraps in a special kind 
of furnace called the “ Open Hearth,” 
the distinguishing peculiarity of which is 
that the flame of coal-gas is made to play 
upon the metal. This process is much 
slower than the Bessemer, and was at 
one time thought to be more exact, it 
| being practicable to take out samples of 
the metal from time to time, and ascertain 
its degree of carburization. The metal 
known as mild steel, the employment of 
which in shipbuilding is the subject of 
this article, was first manufactured for 
shipbuilding purposes by the Siemens- 
Martin method, and it was said that the 
necessary exactness in composition could 
not be secured by the Bessemer process, 
but it is now made in both ways with 
equally good results. At some steel works 
both methods are adopted, and we may 
suppose the cost of production, and the 
material produced, are the same in each 
case, from the fact that in one parcel of 
plates, specimens of both processes are 
frequently mixed. 

If the name s¢eel be restricted to metal 
containing the percentage of carbon 
mentioned, or to metal capable of being 
tempered, the so-called “mild steel” is 
not steel at all, but is really a kind of 
wrought-iron manufactured by the same 


steel from wrought-iron, the metal being | process as steel, differing from ordinary 
first decarburized and purified, and then | wrought-iron by its greater purity, and 
a proportion of carbon reintroduced. by being homogeneous, that is by having 
The best kinds of steel are so made now, | no grain. Instead of being refined in a 
and, previous to the introduction of the | pasty form, it is refined as a liquid and 
Bessemer process, all steel made in cast in ingots, and the names “ingot 
England was made from wrought-iron. |iron” and “homogeneous iron” have 
In the Bessemer process steel is made, both been proposed for it, but it has 
directly from pig-iron, which is melted | received the name of “ mild steel,” and 
and run into a large heated vessel called | appears likely to keep it. The propor- 
a “converter” where a blast of air is| tion of carbon in mild steel is said to be 
passed through it, and the carbon and generally less than +4 per cent., and 
silicon are thus burnt out. When this|/ very rarely as much as ;% per cent., 
is accomplished, a quantity of spiegeleisen,| while puddled wrought-iron frequently 
a cast-iron which contains a definite per- contains , per cent. of carbon. Some 
centage of carbon, and which at the manufacturers attribute the peculiar 
same time is free from deleterious mat-| qualities of the metal to the presence of 
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manganese; others say that although | served that they have instituted a most 
manganese is most useful in the progress | rigid system of tests to make sure that 
of manufacture, it is often almost absent not only every lot of plates, but every 
in the finished metal, and when present plate supplied to them is what it pro- 
is of no benefit to it. There is, however, | fesses to be. The metal first used for 
so much diversity of opinion, that all|/ the Royal Navy was manufactured by 
that can be said with certainty is that a|the Siemens process, at the Landore 
metal has been produced in large quanti-| Works, near Swansea, and was employed 
ties by modifications of methods used to | in the oe of the Jris and Mercury 
manufacture steel, that this metal is|at Pembroke Dock. These ships are un- 
homogeneous, being equally strong in| armored dispatch vessels, of 3,750 dis- 
every direction, and that it has a higher placement tons, and it was desired to 
breaking strain than any variety of com-| build them of very light material, in 
mercial wrought-iron. It would appear | order to obtain the high speed of 174 
then that after all we have not yet ob-| knots. They have longitudinal and 
tained a real ship-steel, but only a supe-| transverse frames, and the bottom plat- 
rior iron made by steel process, and| ing varies from ~ inch to 3 inch. All 
called by courtesy mild steel. | the shell of the vessel, with the exception 
Our own Admiralty may claim the) of the heel, stem, sternpost, and rivets, 
credit of introducing mild steel for ship-| is of steel. The screw shafting which is 
building purposes in England. The) hollow, is made of Whitworth com- 
French Government had used steel in| pressed steel, and the barrel parts of the 
the construction of ironclads; and in| boiler shells are of mild steel. The 
1874 Mr. Barnaby, of the Admiralty,| frames were bent hot, and afterwards 
visited the French dock-yards and in-| annealed; but the plates were, as far as 
spected several ships which were being| practicable, bent cold. The Admiralty 
built of it. The masted ironclad Redout-| have now six corvettes, of which the 
able was then building at L’Orient, and| Comus is the type, building on the 
in her, steel was used for frames, beams,| Clyde, in which steel is used for the 
deck plating, plating behind armor and/ plating, the frames being of iron; the 
inner bottom; while the outer bottom masts also are to be of steel. Within 
plating and the rivets were of iron. The the last year several merchant vessels 
Tempéte at Brest, and the Zonnerre at, have been laid down in which mild steel 
L’Orient, were also building, and steel|}is to be largely used; and Messrs. 
was being similarly used in them, the | Thompson, of Glasgow, are now building 
steel for all these ships being manufac-| a steel ship with steel rivets. 
tured at Creusot and Torre Noire. This) We have before adverted to tests in- 
metal took a breaking tensile strain of stituted by the Admiralty for the pur- 
304 to 314 tons per square inch, and the| pose of securing uniformity in the mate- 
tested pieces elongated before fracture) rial. It has always been the custom of 


to the extent of 22 per cent. All the the Admiralty to subject iron made for 
frames were bent by pressure, no iron them to a series of rigid tests, which in 
hammers were used, and, if plates had the early days of their iron ship-building 
been subjected to even light blows, they | were carried out at the place where the 
were immediately annealed. The cost) vessels were built, and one clause of 
of the angle steels was £27 per ton. A | every contract with a shipbuilder was 
material which required to be so tickled | that he should provide on his premises 
with copper hammers, and was alto-| an efficient testing machine. Asa result 
gether of such a delicate character, was| of this the Admiralty are at present pay- 
obviously unfit for shipbuilding, even in| ing £15 to £16 per ton for (B) iron, 
the Royal dockyards, where precautions used by them for shipbuilding, the 
might be possible which were altogether | market price of ordinary ship iron plates 
out of the question in a merchant ship| being less than half this amount. Be- 
yard. ‘The solution of the difficulty was | sides the tensile test, hot and cold bend- 
obtained in the production of a milder | ing tests have been applied to both 
steel, which has been found by the| plates and angle irons. Of late years 
Admiralty to be a thoroughly relia-| the tests have been made at the manu- 
ble material; but it must be ob-|facturers, and have been conducted by 
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inspectors appointed for the purpose. 
The Admiralty had thus at hand a staff 
and an organization which could, with 
some extension, be made available for 
testing the new material. 
for mild steel have consisted of : 

1. The tensile test, the minimum 
breaking strain per square inch to be 
twenty-six tons, the maximum thirty 
tons per square inch; the elongation be- 
fore breaking to be not less than twenty 
per cent. in a length of eight inches. 

2. That after having been heated and 
then cooled in water of a temperature 
not higher than 60° Fahrenheit, the steel 
shall stand bending to a curve of which 
the inside diameter is to be three times 
the thickness of the plate. A shearing 
is taken from every plate, not less than 
an inch and a half wide, and tested in 
this manner. 

We have seen a list of consecutive 
tests of steel for Admiralty vessels of 
the Comus class, comprising eighteen 
plates tested with cuttings lengthwise 
and crosswise for tensile strength. The 
breaking strain was as often higher as 
lower for the crosswise cutting than for 
that taken lengthwise and varied from 
25-6 to 32-8 tons per square inch; the 
elongation varied from 12 to 32 per 
cent., being for the most part well 
above the prescribed 20 per cent. 

Turning now to the Mercantile Ma- 
rine, and first to the action of Lloyd’s 
Registry, we find that until November 
last there was no defined rule as to the 
employment of steel in shipbuilding, but 
each case was considered separately. In 
November, however, a report was pub- 
lished stating that a visitation committee 
had recently inspected the steel vessels 
building for the Admiralty, as well as 
others building for classification, and 
had also visited some of the leading 
steel works. As the result of their in- 
quiries a circular was issued stating the 
conditions under which mild steel might 
be used as a material for shipbuilding. 
These are, first, that a midship section, 
&c., showing details of scantlings, be 
submitted in every case, and that tensile 
and other tests may be employed by the 
surveyors, every plate being supposed 
to take a minimum tensile breaking 
strain of twenty-seven, and a maximum 
of thirty-one tons to the square inch, 
with twenty per cent. of elongation pre- 


Their tests | 





vious to fracture. It was further pre- 
scribed that strips should, if heated and 
then cooled in water at 82° Fahrenheit, 
stand a similar bending to that of the 
Admiralty test. 

In these requirements it will be noticed 
that the tensile strain is increased one 
ton, a difference justified by the practi- 
cal results of testing. Further, it will 
be seen that an important feature of the 
Admiralty tests, the bending of a strip 
from every plate was omitted, the bend- 
ing tests being only applied at the dis- 
cretion of the surveyors. This omission 
was supplied by the issue of an amended 
circular on the 20th December, in which 
it is prescribed that all ship steel shall 
be marked by the manufacturers with a 
special brand, to indicate that strips 
from each plate so marked have been 
submitted to the bending test. 

We cannot but think that the altera- 
tion in the amended circular was a wise 
and necessary measure. Former ex- 
perience in metal made by steel pro- 
cesses has taught the naval architect 
that while a parcel of plates may for the 
most part be of excellent quality, and 
capable of doing their work in the struc- 
ture of the ship, others made by the 
same process, and which show no out- 
ward difference, may be very faulty, and 
what makes the matter still worse is the 
risk that the fault may not show out till 
the plate is riveted in the ship. Manu- 
facturers have been pretty successful 
hitherto with the new metal, but there 
is much yet to be learned before the 
manufacturer can be certain of produc- 
ing parcels of material uniform in quali- 
ty, and the naval architect must have 
much more experience of it before he can 
with prudence consent to make reduc- 
tions in scantlings proportioned to the 
claims as to strength put forward; in- 
deed, before any reduction at all can be 
made there must be some guarantee such 
as the brand proposed, that pains have 
been taken to ensure that every plate 
possesses the distinguishing characteristic 
of mild steel. As over-stepping the 
limit of safety in any particular may in- 
volve the loss of the ship, we would com- 
mend the whole subject to the notice of 
the Board of Trade, and to such of its 
officers as have practical shipwright ex- 
perience, who cannot at this juncture 
give too much attention to the proper- 
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ties of the new material with which they 
will certainly have to deal. In fact, to 
vessels which come under the Passengers 


Act the benefit of a reduction in scant- | 


lings will be of most advantage, and we 
may feel sure that in building vessels of 
this class the conditions will be frequent- 
ly complied with, and any consequent 
reduction of scantlings taken advantage 


‘carried out at all, the best plan will be 
to provide for making them at the steel 
works. 

The present provision for testing iron 
'iscontained in Section 3 of Lloyd’s Rules 
| for Iron Ships, and runs thus : 

“ Section 3.—The whole of the iron to 
‘be of a good malleable quality, to be 
| subjected to tests at the discretion of the 

Brittle or inferior material 


of. | surveyors. 
The advantage given for the use of|to be rejected. All plates, beam, or 
steel instead of iron is to be a general re-| angle iron to be legibly stamped in two 
duction of scantlings to the extent of) places with the manufacturer’s name or 
twenty per cent., subject to modifications | trade mark, and the place where made, 
in each case, consequent upon special! which is also to be stated in the report 
considerations. Assuming the minimum of survey.” 
tensile strength of iron usedinshipbuild-| It would appear by this that no ten- 
ing at twenty tons per square inch, and | sile tests were contemplated by the rules, 


the strength of the new material at 
twenty-six, a reduction of twenty-three 


per cent. in scantlings would secure the | 


same strength; it will be found, however, 
that most mild steel will be over twenty- 
eight, and we think iron ship plate is 
often under twenty; and it will thus be 


seen that the Register Committee have | 


secured a good margin, and are, as is 
most desirable, on the safe side. Already, 
as might perhaps be expected, complaints 


and as a matter of fact, but little more 
has been usually done in the way of 
testing iron than observing the way in 
which the material stood punching and 
bending, during which process, if it were 
of very inferior quality some indications 
|of its badness would certainly appear. 
If, however, mid steel is largely used in 
shipbuilding, a series of rigid tests must 
of necessity be applied. 4 
A comparatively small variation in the 





have been made that this reduction is| quantity of carbon or the presence of 


not as much as would fairly meet the|impurities is all the difference between 
case, and that the requireinents as to|mild steel and the unreliable material 
testing will cause much inconvenience. | made by the same process, and this dif- 
- the a of oe pan geo — “3 — purposes, only 
ecember last 1s a letter from a e|be ascertaine y the tempering test 
shipbuilder, in which he states that = a|which is to be applied to pa “plate, 
propesal for building a steel steamer the|and which appears to be essential in 
reduction of twenty per cent. was only} steel shipbuilding. These tests must 
granted for a portion of the structure,|cause the market price of stee] to be 
and that in some cases much less (143) higher than would otherwise be the case, 
per cent. for the plating of botttom and | but there is no reason why it should be 
sides) was allowed. He also complains|so much dearer than iron as has been 
of the regulations as to testing. The/|anticipated. We believe the Admiralty 
Committee have —— their i = £15 per ton for their mild 
veyors to ascertain and report, ™ as early | steel. 1at Is less than they are paying 
as possible, what facilities exist in the| for (B) ship plates, and we think there 
yard of the builders of this vessel for is every reason to believe that, with an 
carrying out the tests required by the| increased demand, mild steel can be 
Committee in accordance with the cir-| manufactured at a much lower rate. _ Its 
cular.” The writer goes on to say that | extended substitution for iron in ship- 
i _ a know well — is | a = of ee ge upon a 
not a testing machine in one out of a price, whether it wi e only so muc 
— Be. ye wey a, in the/ dearer than iron, that the additional sum 
ingdom,” and then exposes the incon- | spent in first cost will be paid for by in- 
yer which as — — on. Cpe} freight owing to the less weight 
and rejecting plates after they have of hull. 
arrived on the shipbuilder’s premises,| Another consideration connected with 
and Rg ag tests are to be|the use of steel for shipbuilding is its 
OL. —No. 4—22 
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durability as compared with iron. Of 
this, little can be said at present. Ex- 
periments have been made to find out 
the extent of corrosion in salt-water of 
steel and iron, but it is difficult to repro- 
duce the conditions which obtain in 
actual ships, and it may be said that we 
know nothing for certain on the subject. 
Obviously, corrosion is a more important 
factor in steel than in iron ships. In the 
former the material in the first instance 
being thinner, the same amount of wast- 
ing will reduce the strength by a larger 
percentage. We have heard that in 
some of the very thin steel steam-launches 
_recently built for high speed, deteriora- 
tion of the material has arisen from an 
unexpected source. It was observed that 
the plates were pitted outside the vessel, 
and as they were only a sixteenth thick 
the pitting was nearly through them. 
No cause could be assigned for it except 
that the black oxide which forms upon 
the plate in rolling was electro-negative 
with regard to steel-plates, and thus gal. 
vanic action was set up. This may, of 
course, be prevented by “ pickling” the 
plates in a diluted acid, and so removing 
all the black oxide before using, them. 


We have heard that the Admiralty, with 
a view to provide against galvanic action 


from this or other causes, intend to 
“ galvanize,” that is, coat with an alloy 
of zinc and iron, all outside plates for 
ships. They can thus make certain that 
while there is any zine alloy left, no gal- 
vanic action will affect the iron or steel; 
the only question is, whether the coating 
process wiil not injure the metal in other 
ways. ‘ 
The Admiralty have not yet used mild 
steel rivets. "They have, however, been 
used in shipbuilding on the Clyde, and 
it is said with good results. In one re- 
spect they are said to be superior to iron 
rivets as they hold the heat longer. It 
is urged against their use that they are 
liable to be spoilt by being over-heated 
or “burnt,” when they become brittle 
and lose their malleability. With refer- 
ence to this, the report of Lloyd’s sur- 
veyors points out that iron rivets may 
also be spoilt, alulhough at a higher tem- 
perature, and there is this advantage 
with steel rivets, that they unmistakeably 
show when they are bad and cannot then 
be used at all. It would appear proba- 
ble that steel rivets may be harder than 





iron ones, and would thus be liable to 
suffer from jarring strains, but we think 
on the whole it will be found best to use 
metal for rivets, of the same kind as the 
plates. One thing we would suggest; 
seeing that galvanic action appears to 
take place between metals of but slightly 
different composition, it may probably 
occur between steel plates and iron 
rivets and the result would be most 
serious. 

The experience of the next few years 
will probably decide whether ingot iron 
made by steel processes will take the 
place of puddled iron as a material for 
shipbuilding. As the new material be- 
comes better known it will become evi- 
dent to what extent it may be trusted, 
and it is possible that our experience of 
it may justify a further step, the use of 
a decided steel with a high tensile strain 
as a material for shipbuilding. This 
must depend upon steel makers them- 
selves; whether they can give the ship- 
builder a thoroughly workable material 
with high tensile strain at a moderate 
cost, and above all a material which can 
always be trusted. The naval architect 
has a higher responsibility than the 
designer of land structures in which 
faults detected may be remedied at once; 
his work is subjected to severe and re- 
peated strains, and must be capable of 
enduring them often for long periods. 
This is the reason why he will hesitate to 
use a material about which others may 
have no misgivings, and when he does 
use it, will exact good guarantees for its 
reliability. 

Since the foregoing article was written, 
a further report of Lloyd’s Special Com- 
mittee has been published, from which 
we quote the following as enforcing our 
remaks upon the dangers attending the 
use of the new material unless every 


-plate be tested : 


“A most striking example was shown 
us at one of the works we visited, of the 
necessity for a bending test being ap- 
plied to a shearing from every plate; 
and it also afforded a proof that the best 
test to apply would be a temper test, in- 
stead of an ordinary cold test. The firm 
in question was at the time manufactur- 
ing both soft and hard steel-plates, and 
in passing through the rolls a hard plate 
became substituted for a soft one. 
After passing through the rolls the 
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plates were annealed before being | pieces of uniform length, the twenty per 
sheared, and when, after shearing, the | cent. elongation is to be in a length of 
hard plate came to be tested by the tem- |eight inches, and if shorter pieces be 
per test, instead of the plate bending to |tested, the percentage of elongation 
the required curve, it broke off short. | should be greater, since the elongation is 
This led to the marks on the plate being | greatest near the point of fracture, and 
examined, when the source of error was thus a large percentage would be ob- 


discovered. It had come from a charge 
capable of standing thirty six tons to the | 
square inch, and was never intended to 
be used for soft steel-plates.” 

The Committee also urge the import-| 
ance of the tensile tests being made with | 


tained in a short than in a long specimen 
of the same material. With regard to 
rivets, the last report of the Committee 
recommend that the steel employed in 
them should be very mild, and have the 
lowest limits of tensile strength. 





RIVER IMPROVEMENTS IN FRANCE, INCLUDING A DESCRIP- 
TION OF POIREE’S SYSTEM OF MOVABLE DAMS. 


By Pror. WILLIAM WATSON, 


Wiruin a few years there has been 
established between Paris and Auxerre 
a continuous system of navigation, with 
a minimum depth of water of 1.60 
meters, : 

This has been accomplished by the 
erection of thirty four movable dams 
with side locks, and also making three 
cuts-off: each cut-off has a guard gate 
at its head to keep out the flood water, 
and a movable dam without a lock is 
built across the river just below each 

ate. 

The above operations have served to 
convert the two rivers, the Seine and the 





Yonne, into a series of navigable pools. 
Rivers so converted are said to be) 
canalized. 

In order to fully appreciate the im- 
portance of the improvement of the 
navigation by the establishment, on a 
large scale, of movable dams above 
Paris, it will be necessary to explain 
briefly the method of navigation hereto- 
fore in use on these rivers. 

Formerly the water was raised in 
different portions of the river by means 
of movable dams (the construction of 
which will be presently explained); a 
part of one of these dams being suddenly 
removed, an artificial flood, called an 
écluseé or flash, was formed, which, in 





passing, afforded for a limited time, a 
draught of water sufficient for naviga- | 
tion. 


Ph. D., late U. S. Commissioner. 


The instant for opening each movable 
dam was determined by an empirical 
rule which was closely followed, and 
each dam was closed after the water had 
fallen below a certain level; usually 
during the summer, they were opened 
twice per week. 

The velocity of a flash depends upon 
the declivity and sinuosity of the river, 
the number of dams, the volume of the 
flash itself, the wind, and the obstruc- 
tions of the stream. 

The boats carried by the flash gen- 
erally go more rapidly than the flash 
itself, so that they can make short stops, 
to receive or discharge freight, and take 
the same flash again. 

To understand the form and motion 
of a flash it is necessary to observe its 
velocity and depth throughout its whole 
extent; this has been done by M. Cha- 
noine, at Laroche, and is shown in Fig. 1. 
This figure gives the level of each point 
of the longitudinal profile with its cor- 
responding velocity. It shows that the 
velocity varies from one point to another, 
and that the top of the flash travels 
more rapidly than any other point, 
whether before or behind it. For this 
especial flash the velocity of the water 
is 1.33 meters per second for a length of 
2,394 meters occupied by the top, while 
at 3,474 meters in front the velocity is 
only 0,53 meter; and it is 1.15 meters 
at 4,482 meters behind; thus at each in- 
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Fig. 1.— Form of an élusée or flash. Curve showing its velocity at each point. 
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Fic. 3. — Elevation of the Basseville barrage, showing half the barrage closed with the fermettes 
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Fie. 4. — Plan of the same. 
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stant the highest section of the flash is| commerce, as well as the extension of 
thrown forward upon the section imme-| railways, required the barges on the 
diately preceding, which moves at a| Seine and Yonne to be greatly improved, 
slower rate. This shows why a boat on| which was not possible until the naviga- 
the top of the flash will move faster than | tion should be made continuous with a 


the flash; but if the boat is in that part | 
of the flash wherg the velocity is less | 
than 1 meter and behind the crest it| 
moves slower than the flash and finally 
falls entirely behind it. We may esti- | 
mate the effective duration of a flash to} 
be one-half the time it actually takes to | 
pass a fixed point. 

Each movable dam remains open only | 
a short time for the passage of the flash | 
and is immediately closed again to collect 
the water for the following flash. This 
closing produces below the dam an abase- 
ment of the level of the water which is 
designated by the name affameur. Every 
flash is thus followed by an affameur 
which is felt at a great distance down 
the stream; and for from twelve to! 
twenty-four hours following, the water | 
is below its ordinary level; for this rea- 
son the ascending boats are nearly or 
quite empty. Nevertheless this naviga- | 
tion, imperfect as it is, has rendered for | 
three hundred years signal service for) 
the economical transportation of wood | 
etc., at a time antecedent to the establish- | 
ment of other means of easy and rapid | 
communication. In 1866, from Laroche 
to Montereau, the freight in boats was 
270,699 tons, by rafts 179,230, descend- | 
ing; ascending freight 5,518 tons; total | 
455,750 tons. 

As early as the middle of the last 
century attention was called to the 
diminution of the volumes of the flashes, 
and the remedy proposed was the con- 
struction of large reservoirs to accumu- 
late the winter waters, in order to aug- 
ment the flashes in summer. One of 
these, the reservoir of Settons with a 
capacity of 23,000,000 cubic meters was 
finished in 1858, and supplied for each 
flash a volume of from 500,000 to 700,000 
cubic meters. But this flash, augmented 
by the water from all the dams of the 
Yonne and its affluents above Auxerre, 
encountered no further obstacle below 
the latter point, and went on diminish- 





ing to the Seine, upon which its effect | 


was very slight. Only half the appro- 
priation had been spent when the ineffi- 
cacy of the remedy was perceived. In 
reality the progress of industry and 


sufficient draught of water for loaded 
barges. 

At this juncture the Government, 
adopting the views of M. Cambuzat, 
ordered the construction of the movable 
dams referred to at the beginning-of this 
paper. These dams, or barrages as we 
may call them, are of several kinds, one 
of the simplest is Poirée’s needle barrage 
known as Barrage a fermette de M. 
Poirée. 

POIREE’S NEEDLE BARRAGE. 

History.—The following is a_ brief 
outline of the history of the invention 
of this barrage. At Basseville, where 
the Nivernais canal crosses the Yonne at 
the same level (Fig. 2), it was necessary 
to erect a barrage, which, while it main- 
tained the level of the river at a height 
sufficient for navigation, could be so 
opened as to leave the original section 
of the stream wholly free for the passage 
of flashes carrying rafts and logs. 

The old passes of the Yonne gave M. 
Puirée his first idea; these passes were 
closed by a horizontal swinging beam 
supporting a vertical screen composed 
of a number of wooden battens called 
needles, each about 2 meters long and 
0.475 meter square. Mr. Poirée first 
made a projet, consisting of five of these 
| passes placed side by side; next he con- 
|ceived the idea of replacing the piers 
‘which separated the passes, by iron 
frames placed parallel with the current; 
'then he made these frames movable 
|about their bases, so that in lowering 
them upon their bed, they should com- 
pletely disappear, and thus leave the 
| original section of the river intact; 
finally, he increased the number of the 
| frames, and brought them close together 
|in order to diminish the pressure which 
‘each had to sustain, and thus avoid any 
'risk either of rupture or displacement. 
| On account of the resemblance of these 
| frames to the trusses of a roof (fermes) 
ihe called them fermeties, a name which 
they have since retained. 


| DESCRIPTION OF BASSEVILLE BARRAGE. 
In order to give a clear idea of this 
barrage, I cannot do better than repro- 
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BASSEVILLE BARRAGE. 




















Fic. 5. — Transverse section, showing the needle, the fermette, and its bearings. 
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Fig. 9. 


Plan and elevation of the notched bar uniting two adjacent fermettes. 





Fig. 10. — Abutment on the left. Fie. 11. — Abutment on the right. 
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Fic 13. Plan of same. 


Fig. 14. D. Section on AB. 








Fic. 14. — Transverse section of the gudgeons and bearings of a fermette. 
Fie. 15.— Plan of the same. 
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duce a description given by the inventor, | the same manner for the following jer- 


in a lecture at the School of Roads and 
Bridges at Paris: Figs. 2, 3, 4, 5, repre- 
sent the situation and arrangement of 
the first needle barrage ever erected. It 
consists of a succession of iron frames 
(Fig. 5) called fermettes, placed parallel 
to the current and turning around their 
bases in bearings which are firmly at- 
tached to a carefully prepared bed. 
The fermettes when they are erect, are 
united by bars with jaws or notches at 
their extremities (Figs. 8 and 9). The 
needles form, by their union, a screen 
which rests below, against the sill, and 
at the top, against the fermette bars, 
placed near the level of the water, which 
the barrage is intended to maintain. 
Each fermette is trapezoidal; its bases 
are horizontal; the lower one is termi- 
nated by gudgeons which are secured 
by two cast iron bearings (Fig. 14). The 
upper bars support a foot-bridge used by 
the lockman to-work the barrage (Figs. 
5 and 13): the up-stream side is vertical, 
the down-stream side is inclined; the 
interior is strengthened by one or more 
braces according to the pressure it has 
to support. 

At the head of the fermettes is a bolt 
with a washer at its upper part; against 
this bolt rests one end of one of the up- 
stream coupling bars (Figs. 8 and 9); 
the lower part of the bolt holds on one 
side an eye-bar (Figs. 12 and 13) into 
which fits the hook of the rod uniting 
this fermette with the preceding one, 
and on the other side the hooked rod 
which unites it to the succeeding fer- 
mete. 

Weight and dimensions of a fermette. 
—In order that the jfermette may be 
easily maneuvered by two men they are 
placed one meter apart: they are 1.52 
meters high, 0.70 meter wide at the top, 
1.50 meters at the base, and weigh 90 
kilograms each—not including the bars 
and rods; the thickness of the iron-is 
0.04 meter. 

The operations for closing the barrage 
are as follows:—'T'wo men raise the first 

_ fermette by the chain which unites it to 
the abutment and put its hook into the 
eye-bolt fixed in the masonry; next they 
place the two planks of the flooring, and 
then connect the fermette on both sides 
with the abutment by means of the 
notched coupling bars; they operate in 


mettes. 

Having thus established the frame the 
two men proceed to place the needles; 
first, at intervals, so as to break the cur- 
rent, then close together, so as to render 
the screen as tight as possible. 

When it is required to open the bar- 
rage, the men remove the needles and 
place them upon the down-stream por- 
tion of the service bridge; if it is also re- 
quired to lower the fermettes they carry 
the needles to their store-room n (Fig. 4); 
then they take off the coupling bars 
and the flooring of the last interval; 
next they raise the hook which unites 
the last fermette with the preceeding 
one, and lower it slowly to its place by 
means of the chain attached to the hook. 
The same operation is repeated for each 
interval. 

When a fermette is lowered and its 
chain stretched tight, a peculiar ring- 
shaped link, previously placed at the 
proper distance, should be found at the 
right of the eye-bar of the upright /fer- 
mette; if this is not the case, the lock- 
man is warned that the fermette is not 
entirely down. 

The time per running meter to raise 
the fermettes and place the needles is 
about 90 seconds: 

To open the barrage by removing the 
needles 30 seconds: 

To remove the needles and lower the 
JSermettes, 50 seconds. 

———_eae—__—_ 

Tue Alberta, Royal yacht, made a 
trial of her machinery lately in the 
Solent, when advantage was taken of the 
occasion to try a new log, the invention 
of Mr. Froude, with which it is invended 
to test the speed of vessels of war when 
undergoing their six hours’ run. The 
log itself is not unlike the patent log 
known as Massey’s, but the fan is much 
larger and has been formed upon strictly 
scientific principles. It was connected 
to a registering apparatus inboard by 
Kelway’s electric gear, by means of 
which the work performed by the log 
in the water is recorded on deck, thus 
dispensing with the necessity of hauling 
in the log to ascertain the distance 
travelled through. As tested on the 
measured mile the error of the improved 
Massey was found to be only one-hund- 





redth part of a knot. 





ASPEOTS OF THE SEWAGE QUESTION. 





A MORAL AND ECONOMIC ASPECT OF THE SEWAGE 
QUESTION. 


From “The Builder.” 


New excitement about the sewage ont- 
fall and its effect on the Thames, has de- 
veloped into a very pretty dispute (we 
will not say “ quarrel”) as it stands, even 
if it lead to no more definite result. In 
all such cases there is a certain amount of 
talk and recrimination to be got rid of, 
—a kind of waste gas driven off by com- 
bustion,—before we come to the solid 
matter of the point at issue,—the ques- 
tion, what is to be done? We may even 
yet be a good while in getting to any 


practical result; but it is something if! 


we can even make a step or two in the 
direction of the right theory of action. 
What is, in fact, needed, in regard to 
this and some questions of social economy 
of the day, is to bring theory and prac- 
tice into closer relation one with the 
other. The main drainage works for 


London were practically, no doubt, a 
great piece of engineering skill and per- 
severance, involving great outlay and 
much practical skill in investigating and 


testing materials so as to produce a per- 
manent result; yet all this labor and 
expense is, as we think people are be- 
gining to see now, to a great extent, 
thrown away, through being based on ‘a 
mistaken and incomplete theory to begin 
with. 

Two points have struck us amid some 
of the paper warfare which has been 
started on the subject, by no means of 
equal importance, but which both serve 
to show the very partial view of the 
subject which is taken by those who are 
officially most concerned in it. One is, 
the exclusively legal aspect in which the 
matter is treated by the Board of Works 
or by those who are their spokesmen or 
champions before the public. One of 
these chivalrous defenders of the Board 
and its action seemed to think he had 
made quite a point in favor of his clients 
by showing that they had not, as some 
of their opponents asserted, contravened 
the provisions of the Rivers Pollution 
Act; that there was a clause in that Act 
specially exempting the case of the 
Thames and the main drainage works 
from its operation: furthermore, that it 





was a mistake to suppose that the Board 
of Works were under any obligation to 
deodorize the sewage before turning it 
into the river; except in regard to tem- 
porary outfalls until the main drainage 
outfall could be completed. But this is 
only proving a little too much: only, at 
the most, shifting the blame on to other 
and, perhaps broader shoulders; or pos- 
sibly we may go further and say that such 
a fact only shows that the Board and 
their engineers were shrewd enough to 
obtain legal sanction for shirking the 
most serious part of the problem, in 
order to apply with greater readiness a 
remedy of which it might have been pro- 
phesied (was, in fact, prophesied) that 
it would work no radical cure. Looking 
at this defence, based on their legal 
position, one cannot help asking, under 
what exercise of influence in high places 
it came to pass that the Metropolitan 
Board of Works were permitted to form 
an exception to the operation of the 
Rivers Pollution Act in the case of the 
most important town on the most im- 
portant river in England? The result 
simply comes to this, that the public and 
their Parliamentary representatives were 
deluded into the belief that a certain 
scheme, carried out at enormous cost, 
would prove an efficient solution of the 
question, “ What is London to do with 
its sewage?” And that not only is it no 
solution, but is surely though slowly 
building up the original danger in a 
roundabout manner; but also that any 
exercise of common foresight on the part 
of those who carried out the scheme 
ought to have led necessarily to the con- 
clusion that this would be the result. 
Yet, for all this, it seems to be con- 
sidered a sufficient defence to say that 
the Board have done all that the law 
required of them. They do not recog- 
nize any moral or sanitary responsibility 
in the matter; they do not seem for a 
moment to entertain the idea that they, 
as the responsible body entrusted with 
the improvement of London, were under 
a moral obligation to find out the best 
method and carry it out; they have not 
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asserted, or their friends have not done 
it for them, that they consider the sew- 
age difficulty on every side, went to the 
root of the matter, and saw no better 
solution than that which has proved such 
a failure,—not at all: they are content 
to say that they were under no legal 
obligation to find a solution; that, like 
“the unprofitable servant” in the para- 
ble, they had done that which it was 
their legal compact to do, their “duty” 
only in the narrowest and most official 
sense. But they cannot morally (what- 
ever they may do legally) shelter them- 
selves behind the law in this way. On 
such points the Board of Works, being 
specially and immediately charged with 
these great sanitary operations, were 
bound to know more about the subject 
than any one else, to correct or supply 
the defective requirements of the law, 
not to shelter their costly half-measures 
behind it. To adopt the latter position 


is as reasonable as it would be to say 
that a man deserved no blame for keep- 
ing a cesspool close to his house proper- 
ty, though knowing it to be a nuisance, 
because the sanitary inspector was defi- 
cient in knowledge, and did not compel 


him to remove it. 

That this merely legal responsibility is 
the view taken by the Board of Works 
of their position, we have had further 
confirmation in the tone they have 
openly and explicitly adopted in regard 
to the almost more pressing question, 
_ because dealing with a more instant 
though transient evil, of the Thames 
floods; in regard to which they have 
drawn upon themselves something more 
than a hint from the Home Secretary 
that they may be compelled to do their 
duty or resign their privileges. But 
leaving this point at present, which we 
allude to only as confirming the justice 
of our strictures in regard to the slack 
sense of responsibility on the part of the 
Board, we must say a word on another 
aspect of the question which has been 
incidentally suggested, but deserves far 
more consideration than it seems likely 
to receive. Among the arguments 
brought forward to justify the legal 
position of the promoters of the main 
drainage works, the following quotation 
from the Local Government Report of 
last year has been adduced:—* That 





tidal estuaries, may be allowed to turn 
sewage into the sea or estuaries, below 
the line of low water, provided no nui- 
sance is caused; and that such mode of 
getting rid of the sewage may be allowed 
and justified on the score of economy.” 
(The italics are our own.) The applica- 
tion of this to the particular question at 
issue is of course that Crossness comes 
under the conditions thus described in 
the Report. What we wish to draw 
attention to is the defence which is made 
of this way of getting rid of sewage as 
“economical;” and what is meant by 
that is (for in no other sense can it be 
true) that the particular town which gets 
rid of its sewage in this manner saves 
the cost of transportation of the sewage, 
and of the labor required for this, to a 
place where it can be made useful. 
Now, just consider what an utterly nar- 
row and one-sided view of “economy ” 
this is. Economy, if it means anything, 
means a wise saving and husbanding of 
resources, not the keeping of injurious 
things about one to save the cost of 
getting rid of them. Even as regards 
the special town which thus turns its 
sewage out on to its shores, there is, 
therefore, no real economy; a permanent 
danger to health is thus established, 
which in the case of a small town favora- 
bly situated in regard to tides, may, per- 
haps, be very slight, but which, it is to 
be remembered, is always tending to in- 
crease. But this economical statement 
of the matter becomes still more unphilo- 
sophical in its aspect when we take a 
broader view of the subject. No doubt 
it must be admitted that the golden 
promises about the national wealth to be 
derived from the utilization of sewage, 
which were too enthusiastically and 
prematurely made when the idea of 
utilization first occurred, can hardly be 
fulfilled; ratepayers must modify their 
ideas as to what can be expected in the 
way of return from that source, and as 
to the expenditure involved in it both 
relatively and positively. Still, there 
are the facts, which may now be taken 
as almost conclusively proved, that sew- 
age is a nuisance and a danger when 
passed into rivers, or even into the sea 
in close proximity to a coast town, while 
it is innocuous when properly treated as 
manure; that in the former case it is 


towns situated on the sea coast, or on| clear loss, while in the latter case it has 
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a certain “food-producing” power not | 
inconsiderable, though not equal to 
what used to be supposed. Admitting, | 
therefore, all that has been urged against 


irrigation, that the farmers will not take | 


the sewage, that it cannot be sold at 
remunerative prices, and so on,—it must 
nevertheless be concluded that if no re- 
turn is obtained from irrigation, it is a 
wise economy notwithstanding to ex- 
pend money in putting sewage where, at 


all events, it does good rather than 


harm, and making a step towards that 


ideal economy of physical science which | 


is inferred in the saying that “dirt is 
only matter in the wrong place.” 
we may suggest in passing that if we 
can arrive at an organized system of 
sewage distribution over the land there 


is really no reason why the opposition of | 
the farmers,—a class of the community | 


always averse to novelty ard not given 
to philosophize on the reasons of things, 
—should not be got over by cumpulsory 


legislation, just as reasonably as such | 


legislation has been proposed in regard 
to the irrigation of India, both schemes 


being considered as concerned with the, 
good of the people at large, to which | 


private inclinations must bend. It is 


And, 


| And it is in reference to this point that 


we wish to recommend to those who 
think it so much more economical to run 
sewage into the sea, an aspect of the 
‘labor question, which is worth consider- 
ing in connection with the subject. 
Society is dragged upon by the clog of a 
very large, and we fear not a decreasing, 
pauper population; a portion of which 
consists of those, no doubt, who would 
always be paupers by option, as long as 
our inconsiderate and ill-organized chari- 
ties give them an easy means of being 
so; but of whom, again, there is a large 
proportion who would gladly work if 
work could be found for them. It is 
one of the greatest difficulties encounter- 
ed by those who are specially concerned 
in the work of helping their poorer 
| brethren, especially in the present “ slack 
times,” to find any work for those who 
are willing to work, and who would do 
'anything rather than sink into pauper- 
ism. So great, indeed, is the difficulty, 
that there is even a temptation to, as we 
may say, énvent work for these unfortu- 
nate classes, and thus save the outward 
aspect of pauperism, though in reality 
adopting another form of it. And 
therefore a work which requires to be 


certain that, to carry the irrigation|done for the general good, and upon 
theory into practice in the case of sew-| which those who are now perforce idle 
age, and more especially in regard to|/and dependent, could find the opportu- 


London sewage, a systematized ma-/nity for selling their labor with advant- 
chinery of distributing on a large scale| age to themselves and the community, 
would be required; we say more espe- ought really to be considered almost a 


cially in regard to London, because the If it becomes necessary, there- 
fore, to organize sewage distribution on 


amount to be dealt with is so great, and 
a large scale (and without some regular 


it would be necessary to provide for its 


godsend. 


distribution over so wide an area, the | and extensive system it can hardly be 
circumstances being quite different from | efficiently carried out), this might really 
those of an ordinary-sized town; and as also be a step towards that organization 
it is pretty certainly ascertained that, at of labor on a large scale which is the 
the worst, town sewage is more or less| only permanent remedy against the ex- 

roductive as a manure, and can be used | istence of distress and pauperism. And 
in this way with effect in its agricultural | therefore it seems to us that when peo- 
results, and without being obnoxious in| ple talk of “economy” as an element in 
a sanitary point of view, the question to favor of the running of sewage to waste, 
be considered is whether it is not worth | they should take into account, per contra, 
while to set at once about the framing not only the possibility that sewage dis- 
of a comprehensive system of sewage tribution works may be made to pay 
distribution, and the organization of the their way if properly managed (and, in 
machinery of collection and transporta-| spite of some disappointments, the con- 
tion. trary is not proved), but also the open- 

No doubt this will be a very costly | ing afforded for employing labor on a 
operation to begin with, and will require | great scale,—labor which is now idle,—in 


not only machinery, but labor, the cost 
of the latter being a continuous item. 


a way worth paying for in itself, and 
| which would even recoup a great deal of 
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its own cost by the reduction of what 
now goes to the support, on charitable 
grounds, of those who have no sale for 
their labor: not to speak of the incalcula- 
ble social advantage of being able to 
turn a number of idle hands to work 
which would be directly for the wealth 
(as distinguished from “riches”) of the 
whole community. We have sought on 





more than one occasion to call public 
attention to the existence of “lands that 
want hands.” The proper treatment of 
the sewage question would involve work 
that wants hands, and provide us with a 
very important and permanent counter- 
balance against the drag on society, to 
put it on no higher ground, of hands 
that want work, 





ON TUBBING; OR STOPPING BACK FEEDERS OF WATER 
MET WITH IN SINKING SHAFTS. 


By Mr. RALPH MOORE, H.M. Inspector of Mines. 


From “Iron.” 


Tussine is the name applied to a wood 
or iron lining placed in shafts for the 
purpose of stopping back water. The 
theory is that the porous sandstones 
found in the coal-measures are pervious 
to water coming in from the surface at 
their outcrops, while the clays or shales 
are impervious and will not allow water 


to pass through them; the sides of the 
shaft are therefore cased or lined where 
the water-bearing strata are, met with, 
so that the water may not run into the 
shaft, and require to be pumped to the 


surface. Although the practice is fre- 
quently resorted to in English mining 
it has not been much adopted in Scot- 
land, and it is thought that a short de- 
scription of dne of the methods of put- 
ting it in may not be unacceptable to 
the members of this Institution. The 
base of the tubbing is the wedging crib 
which consists of a hollow iron ring 16 
inches broad and 6 inches deep, metal 
inch thick. It is cast in segments about 
4 feet long, and the inside diameter is 
the same as that of the pit. The space 
between the wedging crib and the sides 
of the shaft is made water-tight with 
wooden wedges, and the wedging crib is 
the foundation of the whole structure. 

Upon the wedging crib are placed 
plates or rings of tubbing. These are 
also made in segments, with flanges 
in 4 feet lengths, 2 feet deep, metal about 
% of an inch thick, dependent on the 
pressure to be resisted. These rings of 
tubbing are piled one upon another as 





high as the water will rise behind it be- 
fore finding its level. ° 

The mode of putting in the tubbing is 
as follows:—The shaft to be tubbed is 
made circular, and before the tubbing is 
put in, the water met with is raised by 
pumping machinery in the usual way. 

After the water-bearing strata have 
been sunk through, the wedging crib is 
laid in the first bed of hard “faikes” or 
“blaes” which is met with. The pit is 
widened out, and is generally sunk three 
or four feet below this point so that the 
water may not trouble those putting in 
the tubbing. The pumps must be kept 
well into the shaft, so that the workmen 
may get easily at the back of the crib for 
the purpose of wedging. In sinking past 
the place where the crib is to be laid, 
care must be taken to have the pit the 
exact size that it is intended to be, and 
no shots ought to be placed except in 
the center or within three feet of the 
sides, lest they shatter the strata near 
the crib seat. A scaffold is then placed 
across the pit so that the men may 
more conveniently cut the crib seat and 
wedge it securely. It is the main stay 
of the tubbing, and everything must be 
done with watchfulness and carefulness 
so that the work may be well done; this 
cannot be too strongly impressed upon all 
engaged upon it. The bottom and sides 
of the crib seat require to be cut water 
level and plumb, and this requires to be 
done with great caution. It is cut 3 
inches wider than the breadth of the 
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crib, and this space requires to be cut | correspond are driven in until the wedges 
all round to a center line, and perfectly | will scarcely enter. It usually takes 
plumb and water level. It is cut out eight or ten rounds of large wedges and 
first on the back and sole with picks, as| two rounds of inch wedges to complete 
near to the size as possible, and then | the wedging. The last course is a course 
adzed smooth to take out the pick marks. of iron wedges driven in angleways, 
The adzing must be done until it is as) which makes the space between the back 
smooth as glass, and all the pick holes | of the wedging crib and the sides of the 
taken out. There must be no hollows) shaft perfectly water-tight. 

in it. If there should happen to be any| The wedging crib is now ready for the 
faulty place the faulty place is cut out. | segments, which are placed in rings. Fir 
The great importance of this will be at | sheathing, the breadth of the segment 
once seen, for there can be no repairs|and one-half inch, is laid on the top of 
made upon the wedging crib afterwards, the wedging crib. The segments are 
and if it is not water tight another crib | now laid on, pieces of sheathing being 
seat must be cut out a few feet below placed at the joints. The circle of seg- 
and joined to the first. When the crib| ments is kept in its place by long wedges 
seat has been satisfactorily cut the wedg- | driven down between each segmemt and 
ing crib is laid upon it as follows: the wall. When the first circle has been 


First : Pieces of half-inch fir deal call-| {atl placed, the space behind the first 


: . ., ;round is filled up with Arden lime or 
ed sheathing, the full width of the crib, | j¢her cement, so that if there are any 


are placed endways to the pit, all round. | joaks in the wedging crib the lime may 
Upon this the crib is laid, trained care-| a .cic¢ in silting them up. Another range, 
fully by the center line, pieces of half-| o¢ sheathing is laid on and the next cir- 
inch oak sheathing being placed at the! ole of segments is laid on, the vertical 
ends of each of the segments. The crib joints being broken like mason work, 
so laid is half an inch wider in diameter sheathing being put in the end joints as 


than the pit, but the wedging brings it 
to the correct size. When it is placed in 
position, pieces of wood called gluts, 
made to the exact size to fit in between 
the back of the crib and the wall, are 
driven down to the full depth of the 
crib, two pieces in each segment to keep 
it in position. When this is done the 
space all round is filled with similar 
pieces driven close together. 


The crib is now ready for wedging, 
but in order to prevent it from rising in 
front, props are put from the crib to the 
strata above. The first round of wedg- 
ing is made with wooden wedges, 6 inches 
long by 24 by 1-3rd inch, the front of 
the wedge towards the center of the pit, 
a hole having been first made with the 
wedging chisel for the wedge to be 
driven into. The wedging chisel is gen- 
erally made 6 inches long and 2} inches 
wide at the broad or chisel part. The 
wedges-are driven carefully, so that they 
may reach as far in as possible, and if 


before, and tier after tier is put on until 
| they are above the height to which the 
/water will rise. After the whole has 
| been put in and joined, the wedging of 
|the segments is commenced. This is 
‘done with ordinary wooden wedges, 44 
‘by 1$ by 1-3rd, going regularly round 
from the bottom upwards, twice up and 
once down, till it is perfectly tight. 
Until the wedging is completed the 
|water runs through the plug holes in 
each plate. After the wedging is com- 
|pleted the holes in each segment are 
|plugged up, and the whole is perfectly 
tight. In some cases instead of the seg- 
‘ments being carried up as far as the 
water will rise, a wedging crib is placed 
at some convenient point above the 
| water-bearing strata, and the segments 
‘closed up on it. In this case the water 
‘is confined between the two wedging 
cribs and between the two beds of shale 
|or water-resisting strata in which the 
| wedging cribs are placed. This is called 


they do not go in their full length they close-topped tubbing, and is by no means 
are cut off with the chisel, level with the so simple as the others, but the process 
top of the crib. The wedging is carried |is the same. It is usual in close-topped 
regularly round, and continued until the| tubbing to put on a valve so that any 
wedges refuse to be driven in, and then| air may escape freely while it is filling. 
hisels an inch wide and wedges to| Wood is frequently used instead of iron, 
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but in all cases the wedging crib requires 
_ to be specially attended to. 

Tubbing, as described, was put in at 
Allanshaw, near Hamilton. The shaft 
was 14 feet diameter, and reached the 
Ell coal at a depth of 118 fathoms. At 
a point about 60 fathoms from the sur- 
face a feeder of water 1000 gallons per 
minute was met with in a spongy sand- 


stone. It was effectually tubbed back, 
very little more water was found below 
this point, and the pit was afterwards 
sunk without a pumping engine. The 
total cost of labor and wood for 8 
fathoms of tubbing at Allanshaw was 
£177. It was put in by the manager, 
who had never seen tubbing put in 
before. 











EXPLANATION OF A METHOD OF PREVENTING CORROSION 


OF IRON AND STEEL, AS 
MILITARY 


APPLIED TO NAVAL AND 
PURPOSES. 


By Prorgessor BARFF, 
* Journal of the Royal United Service Institution.” 


I ruinxk it is desirable, before entering 
into a description of the processes which 
I have undertaken to explain to you this 
evening; that I should, for the benefit of 
those who are not acquainted with chem- 
istry, go into the nature of the changes 
which iron undergoes when it is submit- 
ted to the action of oxygen gas. I feel 


this to be more important since my pro- 
cess has become somewhat generally 
known, and interested persons have ap- 
plied to me to explain to them its nature 


and its various applications. I have 
found a very great difficulty in making 
those who are otherwise well instructed 
understand the process, from their igno- 
rance of the chemical reactions which it 
involves, and of those, connected with 
iron itself, which it prevents. Many of 
you here present, I have no doubt, un- 
derstand thoroughly all that I am now 
going to treat of, but there are also 
others who I most earnestly wish to 
make thoroughly comprehend this pro- 
cess, who have not got that preliminary 
knowledge, and who must have it to 
some degree, in order that they may be 
able to understand the principle of the 
process, and its applications to iron. I 
shall, therefore, take the liberty, Mr. 
Chairman, with your permission, of en- 
deavouring to make my explanations 
more clear by the use of a few simple 
experimental illustrations. 

ron in perfectly dry air does not rust 
at all; that means to say that the oxygen 
of the air will not unite with it. I have 


here an illustration of this, for in this 
bottle is a piece of bright iron wire 
which has been placed there for some 
days. In the lower part of the bottle 
you will notice a thick liquid. It is 
called oil of vitriol, and it has the pro- 
perty of absorbing moisture, so that by 
it the moisture of the air in this bottle 
has been absorbed, and we speak of the 
air as being perfectly dry. You notice 
that the iron is not rusted at all. Now 
I have a similar piece of iron in a similar 
bottle, and this contains none of that 
liquid which is able to absorb moisture. _ 
The iron has been in the bottle for exactly 
the same length of time, and you notice 





that it is rusted, for the air in this bottle 
is moist; that is to say, it contains 


| water-vapor in suspension, just as does 


the air in this room. Now I take another 
piece of bright iron wire, and I make it 
red-hot in the flame of this lamp, and 
you notice that it is covered with a black 
film, and this film is an oxide of iron, 
analogous to that which is formed in 
smithies, where hot iron is beaten into 
shape on the anvil. Around the base of 
an anvil in any blacksmith’s shop you 
will notice a number of scales lying 
about, which persons are geneyally ac- 
customed to consider as pieces of iron 
which fall from the iron when it is 
beaten. They are not iron, but oxide of 
iron. Now, in the first instance, the 
oxide is of a reddish color, and is known 
by the common name of iron-rust, and 
the other is black. Now, Gentlemen, 
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bear with me for one moment. I have 
here in this bottle a green solution. It 
is a solution of what is ordinarily known 
by the name of green vitriol. Now, 
green vitriol is a compound of another 
oxide of iron with sulphuric acid. 
Certain substances are able to take away 
the sulphuric acid from this vitriol, and 
this oxide of iron, which is insoluble in 
water, is thrown down as a precipitate. 
I need not tell you the names of these 
substances which have this particular 
property. It is simply enough for me 
to show you the result, I now add some 
of this colorless liquid to the green solu- 
tion, and you see a dirty green substance 
is precipitated. I will throw this upon a 
late, and it will begin to change color. 
t will pass from dirty green to yellow, 
of a more or less reddish hue. It is 
manifest that a change of some kind 
must take place in its composition, 
in order to produce this change of color, 
and the change is caused by the fact that 
the oxygen of the air has united with it, 
and has changed it from the lowest 
oxide of iron into the highest. The com- 
position of the dirty green precipitate is 
as follows: 56 parts by weight of iron 
and 16 of oxygen, and when it becomes 


pe the composition of that 
ody is twice 56 parts by weight of iron, 
and 3 times sixteen by weight of oxygen. 
That is to say, the iron has taken up half 
as much oxygen as it had before, and 
hence that oxide is called a sesqui-oxide. 
I have here in these two tubes some of 


this sesqui-oxide. In the one tube you 
will notice that the color is bright yel. 
low, and in the other that it has ap- 
proached more or less to a greenish hue. 
The tube in which this greenish substance 
is, contains a piece of metallic iron, for 
into both tubes the same yellow sub- 
stance was originally placed mixed with 
water; the iron in the one tube has com- 
menced taking away oxygen from the 
sesqui-oxide, and is gradually reducing 
it to the state of the lower oxide. From 
this experiment you will perceive that 
the lower oxide of iron, when it is in the 
moist state exposed to air, takes up more 
oxygen, and that in the moist state, 
when acted upon with iron, it gives up 
oxygen to the iron. You will now be 
prepared I hope fully to understand the 
process which takes place when iron 
rusts. Moisture must be present, then 





the oxygen of the air unites with some 
of the iron forming the lower oxide, the 
same as that which I have just precipi- 
tated from the solution of green vitriol, 
and this, when exposed to air, becomes 
the higher oxide, and this higher oxide 
in the presence of moisture gives up 
some of its oxygen to the metallic iron, 
becoming the lower oxide again in part, 
and this absorbs more oxygen from the 
air, and so the process goes on continual- 
ly until the iron gets oxidized through 
its substance, or, as we in common par- 
lance say, rusts away. 

To return now to the oxidation of iron 
when heat is applied. If moisture be 
absent, only the black oxide is formed, 
and this black oxide is incapable of giv- 
ing up its oxygen to iron, or of, under 
any circumstance, taking more oxygen 
from the air. 

I have arranged some experiments to 
illustrate this I hope satisfactorily to you 
all. In a hard glass tube, connected 
with an apparatus consisting of a flask 
in which steam is generated, and which 
hard glass tube is heated throughout its 
length in a gas furnace, I have placed 
some iron filings and iron wire. I will 
pass the steam through this tube, and 
will collect in a bottle the hydrogen gas 
which is given off. You will notice that 
the iron filings and the iron wire have 
both assumed a dark-grey color. This 
is owing to the conversion of their sur- 
faces into the black oxide of iron, and 
the hydrogen gas you will see presently 
burn with its characteristic non-luminous 
flame. Now, if this iron wire be rubbed 
with the finger a portion of the black 
oxide can be removed, and if both wire 
and filings be exposed to moist air they 
will rust where the oxidation is not com- 
plete. In this bottle iron filings and 
wire, which were similarly treated a few 
days ago, have since been exposed to the 
air, and you will notice that they have 
rusted in part. I will now, instead of 
allowing the steam to pass directly into 
the glass tube, cause it to circulate 
through a coil of pipe which is placed in 
the center of this little charcoal furnace, 
which is now perfectly red-hot. In its 
passage the steam will become dry or 
superheated. I will now let this steam 
pass into this other tube with which I 
have replaced the former one, which 
contains pieces of bright iron wire, and 
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likewise some iron filings. The super- 
heated steam will form on the surface of 
the wire a coherent and adherent coat- 
ing, which will not rust on exposure to 
air. I don’t mean to say that in the 
short space of time this iron has been 
exposed an absolutely perfect coating 
will be formed, for in practice iron to be 
rendered non-corrosive is usually ex- 
posed to the action of superheated steam 
from four to ten hours. In this case 
hydrogen gas is given off as in the for- 
mer. 

It is very interesting to me to know 
that several chemists, skilled in the ap- 
plication of that science to the arts, have 
endeavored to effect, without success, 
what I, by a lucky chance, have been 
fortunate enough to accomplish. These 
gentlemen have related to me their ex- 
periments made, in some cases ten and in 
others twelve years ago, with a view to 
convert the surface of metallic iron into 
the black oxide, so as to prevent corro- 
sion, and they have all told me that 
they failed at one particular part of the 
process, for they were not able to get a 
hard and coherent surface. It was my 
good fortune to make an observation in 
one of my experiments, after many, 


many failures, which opened my eyes) 
to the reasons why all my previous ex- 
periments had failed, and now tells me 
how it was that these gentlemen failed 


before me. 
made in an iron tube, about ten inches 
long by two inches diameter, the two 
ends of which were closed with iron 
caps, and into it, at each end, an iron 
pipe was fastened, the one for the pass- 
age in of steam and the other for the 
outlet of hydrogen. Into this small 
chamber pieces of iron were put, and the 
chamber itself was placed in an ordinary 
furnace. Steam was generated ina glass 
flask, and was allowed to pass into it for 


a short time, the iron chamber being | 


heated to a red heat: I found that the 
iron was coated with black oxide, that 
hydrogen gas escaped from the exit 
tube, for I collected and burnt it. The 


black oxide was more or less adherent to | 


the surface of the iron. Sometimes it 
was so pulverulent that it could be 
dusted off. At others it seemed more 
firm and coherent, but on exposure to 
air, the iron rusted and the black oxide 
was thrown off in powder or in flakes: 


My early experiments were | 
| difficulties which 





On one occasion, on taking out a piece 
of iron, after it had been heated, from 
the iron chamber, I noticed that at one 
part there was a brownish-red tint upon 
it. This immediately gave me the idea 
that some of the red oxide of iron was 
produced on its surface, and that this 
was, in some way or other, mixed with 
the black oxide. The idea immediately 
struck me that, owing to the presence 
of moisture in the steam, some red oxide 
was first formed, that it was afterwards 
reduced to metallic iron by the hydrogen 
set free on the further action of iron on 
the steam, and that this reduced iron 
was eventually converted by the steam 
into the black or the magnetic oxide. 
Further observation tended to confirm 
and, I think, eventually to prove that 
this surmise of mine was correct. For I 
immediately had acoil of iron pipe made 
and attached to the iron chamber, be- 
tween it and the ingress tube, and this 
coil was so constructed that it could be 
put along with the chamber into the 
furnace, and so be heated to a high tem- 
perature. The steam therefore passed 
slowly through the red or white hot coil 
of iron pipe previously to its coming in 


|contact with the iron to be acted upon, 


and nearly the first experiment that I 
made with this new apparatus showed 
me that a hard coherent coating adher- 
ent to the iron could be produced. 
From that time to the present, the only 
have attended the 
carrying out of this process have been 
of a mechanical nature, and have been 
step by step overcome, so that now, with 
almost absolute certainty, we can charge 
one of our furnaces and bring out all 
the specimens with a satisfactory coating. 
Sometimes we may have a few failures, 
and these all go to prove the fact that 
my theory, already stated, must be true. 
For, if the steam be turned into the 
chamber when it is not sufficiently hot to 
keep it in the state of dry steam, some 
of it gets condensed, water-vapor is 
formed, and this produces a result simi- 
lar to that which I have explained to 
you as happening in our earlier investi- 
gations. I have to render thanks to my 
friend, Mr. Hugh Smith, for the help he 
has given me in carrying out this part 
of the application of my process. He 
has superintended the muffle in the 
treatment of all the experiments on the 
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table. I have already mentioned to and 
shown you that the black oxide of iron 
is formed when iron is heated in atmos- 
pheric air; but, when it is so formed, it 
never adheres completely to the surface 
on which it is produced, and always on 
exposure to moisture comes off, a coating 
of red rust being formed around and 
beneath it. Therefore, we found it es- 
sential and necessary to expel all atmos- 
pheric air from our heating-chamber 
before we allowed the entrance of super- 
heated steam. 

I may say that there are two condi- 
tions absolutely necessary to success. 
The one is that. no atmospheric air be 
present, and the other, that the steam 
be perfectly dry. The iron before being 
submitted to the action of dry steam 
must be perfectly clean, that is, it must 
have no spots of red rust upon it, for if 
it have, the results which I have pre- 
viously explained to you will be pro- 
duced in these particular spots, and 
after exposure to air rust will appear 
upon them. But you will see from the 
specimen to which I now call your atten- 
tion, that this rust is perfectly cireum- 
scribed and does not extend laterally, 


nor is it formed under the coating of the 


black oxide. So that if some large arti- 
cle, such, for instance, as a girder, were 
treated, and if many spots rusted after a 
time, owing to the causes which I have 
just explained, the strength of the girder 
would not in any way be impaired, as 
the rust would be perfectly localized and 
would not spread. This bar of iron was 
treated all over; with some difficulty 
I rasped off a portion of its surface, and 
the whole was exposed for a very con- 
siderable time through the late heavy 
rains ona lawn. You will perceive that 
the half from which the black coating 
has been removed has rusted completely; 
and that the rust has eaten its way a 
considerable depth into the iron, but the 
line of demarcation between the part not 
rusted and the rusty part is as well 
marked and defined as it was when the 
iron was first exposed. There is also in 
the black part of the coating a small 
spot of red crust, which appeared shortly 
after its exposure, which has not in the 
slightest degree enlarged. That the 
acid-vapors of a laboratory have not any 
action on this coating of magnetic oxide 
is proved by these specimens before you, 
Vout. XVIIL—No, 4—23 





which for several months were kept in 
my laboratory where ten or twelve 
students are continually at work, and 
for six weeks of that time these pieces 
of iron were watered daily, except ‘on 
Sundays, in order that the moisture 
might absorb the acid-vapors of the 
laboratory, and so corrode, if they could 
do so, the surface of the iron. You will 
notice that it is perfectly unchanged; 
but the places where the iron is exposed, 
through the intentional fracture of the 
iron, are all covered with red rust. Most 
of the specimens before you have been 
exposed for a longer or shorter time to 
the rain and dews of night, and I think 
you will see in all cases they have re- 
sisted more or less completely the action 
of the moist air. I need not take up 
your time longer by describing all the 
specimens before you, or by entering 
more fully into an explanation of the 
process. I believe I have already done 
it fully, and I believe in a way so simple 
that everyone, even the most unskilled 
in scientific matters, will be able to 
understand it. 

Now, as regards its application to pur- 
poses in which you are all deeply inter- 
ested. We will speak first about steam 
boilers and steam ships. Here is a piece of 
boiler plate, which after it was taken 
out of the furnace was rubbed with steel 
wire cloth and emery paper, which has 
produced this sort of gloss upon it. It 
has been some time in the sink of the 
laboratory, and is, as you will see, per- 
fectly free. from rust. The black coating 
is firmly adherent to the surfaces. Sup- 
pose a boiler plate or an armor plate to 
have its holes drilled and to be oxidized, 
and suppose also that the rivets are oxi- 
dized as well, then when the plates are 
riveted together, the rivets being heated 
till they become soft, a proper pressure 
is brought to bear upon them, and this 
pressure may possibly interfere with 
the coating on the head of the rivets, 
I don’t see well how it can interfere with 
it upon any other part of them. Next 
comes the caulking: and here, no doubt 
the tools used would go through some of 
the black oxide and expose small por- 
tions of metallic iron, and this might rust. 
However, I must here mention that in 
one specimen before you, which I ex- 
hibited at the Society of Arts, a notch 
has been cut, and this was done by some 
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one at the meeting in order to test its hard- 
ness. Now, it has been exposed ever since 
to the action of moisture, and this notch 
as you will see, is not rusted at all, so 
that I fancy the iron is rendered non- 
rustable to a depth below the black sur- 
face, and this view is confirmed by the 
fact that almost every piece of iron from 
which I have removed the black surface 
only, without going into the iron below, 
has never rusted to any appreciable ex- 
tent, and that the rust which forms upon 
it is not of the deep color of ordinary 
rust, but is yellow, like certain well 
known hydrates of the sesqui-oxide of 
iron, and that, moreover, this yellow, 
substance can be wiped off, leaving the 
iron perfectly clean. This cannot be done 
to any piece of metal on which has been 
formed the ordinary iron rust. At pres- 
ent I am not in a position to speak with 
certainty, resulting, from experiment, 
as to whether this process can be ap- 
plied to ships or boilers, so as to prevent 
rust in every part. But even suppose we 
cannot get over the difficulty resulting 
from the disturbance of the coat of oxide 
on the rivet-heads, it seems to me that 
very much will be gained by our being 
able to render the plates non-rustible, 
for it is manifest that it would take a 
very long time’for iron rust to eat ver- 
tically into the head of a rivet. But I 
am sanguine enough to believe that this 
difficulty, which is not nearly so great as 
others which have been overcome in 


the perfecting of this process, will be 
One of the speci- | 


vanquished likewise. 
mens before you has been placed in salt 
and kept in a moist atmosphere where 


the salt was alternately dry and wet for | 


a very long time, and you will preceive 
that this black coating has been in no 
way affected. 
that there is any fear of sea-water de- 
composing it. This small sample of 
black oxide was taken from the sea-shore 
and it has never rusted. I think that 
we have been able to prove that gun- 
barrels can be treated with it without 
injuriously affecting their surface. You 


will see before you several specimens, | 
and of the. effect produced upon them | 


you will be better judges than I am. 
Several officers in the Navy have men- 
tioned other applications which will be 


of inestimable benefit to various portions | 


in the structure and furniture of ships. 


which shall be appended to it. 


I do not, therefore, think | 
the best of my power any question you 


But here, again, Gentlemen, I need not 
take up your time by detailing them; 
for now you know the process thorough- 
ly, you will be the best judges as to 
where it can be efficiently employed; for 
to all the bright iron and steel work in 
use among soldiers, whether helmets, 
swords, or scabbards, it may be ap- 
plied with great advantage. For, as far 
as I know, it does not interfere with the 
strength or tenacity of the metal, and it 
most certainly hardens its surface. For 
stores of iron cannon balls and shells, its 
application will be of very great advant- 
age. An officer in the American Army 
told me the other day that the rusting 
of these materials of war is a source of 
considerable inconvenience. It is rather 
for you, Gentlemen, to point out to me 
the ways in which it can be made of use 
to you, than for me to mention them to 
you, and then I conceive it is my busi- 
/ness to practically carry out your views, 
and see whether its application is ad- 
missible. Some time ago Mr. Perkins 
read, as I hear, a most interesting paper 
here upon his boiler-tubes, in which he 
mentioned the strange results which had 
arisen from the action of water upon 
them at very high temperatures, and 
therefore under very considerable pres- 
sure. Iam sorry to say that at present 
Iam not able to throw that light upon 
the subject which I could wish to do, 
for a series of experiments which I am 
performing with specimens which he has 
given me are not yet completed. If by 
the time this paper is read I have com- 
pleted them, I will write an account, 
And 
thanking you very much for the kind at- 
tention you have given me, I shall now be 
happy to hear any remarks which you 
may desire to make, and to answer to 


may ask me. 
——_ a> —__ 


For experimentally, illustrating the 
composition of light Mr. Wm. Terrill 
arranges seven lanterns, with glass slides 
stained to imitate the different colors of 
the spectrum. By turning the lanterns 
so that the projected circles overlap, a 
circle of white light is produced. Inter- 
esting experiments with complementary 
colors may be performed in the same 
way. 
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From “ Engineering.” 


Ir cannot but force itself upon the 
mind of any thinking person that among 
all the forces of nature, so many of which 
have already been called into use in the 
ever onward march of industrial progress, 
electricity is destined to take a very 
prominent place in the immediate future. 
Indeed, there are not a few indications 
to warrant the belief that the coming 
half century will be characterized in the 
world’s history as an electrical age, just 
in the same way as previous periods 


have left their mark according to their | 


several characteristics being referred to 
as “Golden Age,” “the Age of Litera- 
ture,” “the Iron Age,” and others to 
which special characteristics belong. 

A retrospect of the last twenty, or 
even of the last ten, years is sufficient to 
show that electricity and its applications 
have had an important and rapidly in- 
creasing share in the inventions and the 


industries of the world. Electric tele- | 


graphy has been reduced to an exact sci- 


| anything of electricity and for taking up 
inventions and industries which are based 
‘upon electrical phenomena. 

As long, however, as the only available 
sources of electricity were voltaic batter- 
ies, consuming as they did so expensive 
a fuel as metallic zinc, the applications 
upon a large scale of electrical action 
were very limited on account of its cost. 
The discovery by Faraday of magneto- 
electricity and the various magneto- 
electric machines which arose therefrom, 
appeared to open up a field in which 
cheap electricity might be sought, and 
by which several experiments hitherto 
confined to the laboratory might become 
|developed into branches of industry. 
The machines of Holmes and of the 
Société Alliance were the first applica- 
tions upon a large scale of Faraday’s dis- 
covery, and the illumination of several 
of the important lighthouses on the 
coasts of England and France by the 
\electric light generated by the Holmes 


ence, and has given rise to a’ new and | machine and by its French modification, 
distinct profession—that of the telegraph | the Alliance machine, gave a fresh im- 
engineer—besides giving employment to | petus to electrical progress. 


thousands in the manufacture of tele-| In both these machines, however, the 
graph lines of submarine cables, and of| current was induced from permanent 
signaling instruments. Another branch| steel magnets which could not retain 
of it has rendered possible the safe and sufficient magnetism to maintain a mag- 
rapid facilities of transit which railway netic field of sufficient intensity to induce 
communication affords, for it would be/| powerful electrical currents in the coiled 
idle to suppose that the railway system armatures. ‘To compensate for this de- 
could ever have developed itself into/| ficiency, the number of magnets and of 
anything like the power that it is had it! armatures had to be multiplied, and the 
not been aided by the electric telegraph. size of the machines as well; their cost 

Again the arts of electro-plating and for driving (to say nothing of prime 
of electro-typing have become large and | cost) was thus very great. The Siemens 
important branches of industry, especial- | cylindrical armature utilized to the best 
ly in this country and in France, the lat-| advantage the inductive action of the 
ter by the cheap and rapid facilities it; magnets. As long, however, as the in- 
affords for the reproduction of engrav-| duction of electrical currents was pro- 
ings having already revolutionized the duced by the action of permanent mag- 
production of illustrations for an import-| nets, an increase in the size of a machine 
ant branch of literature. \did not produce a proportional increase 

The great novelty of the day, the tele-| of results, and as it was found that iron 
phone, has done much in a short time to takes an appreciable time to be magne- 
draw popular attention to some of the | tized and to be demagnetized, there was 
most interesting capabilities of electric-| also a limit to the speed at which a ma- 
ity, and has prepared the public mind to chine could be driven so as to produce 
a very great extent for believing almost | satisfactory results. 
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Mr. Wilde, by employing electro-mag- 
nets (excited by a smaller magneto-elec- 
tric machine) for inducing the currents 
in a Siemens armature, supplied the con- 
necting link between the early magneto- 
electric and the modern powerful dy- 
namo machines, which depend for their 
aetion upon what is called the action and 
reaction principle of magnetization, 
which has been rendered familiar to the 
readers of this journal by a recent corre- 
spondence carried on in these columns 
relative to the question of priority of its 
discovery. It is the employment of this 
mutual action that distinguishes dynamo- 
electric from magneto-electric machines, 


and it carries with ‘it this overwhelming | 


advantage that the power of a dynamo 
machine increases in proportion to its 
size, to which practically there is no 
limit. 

There are at the present time but two 
dynamo-electric machines of sufficient 
development to be considered in this 
article, viz., the Gramme and _ the 
Siemens machines, both of which have 
been described in these columns. The 
former has now become a very formida- 
ble rival in France to the Alliance ma- 
chines for the production of the electric 
light, and has recently been employed 
during the building of the Paris Exhibi- 
tion for enabling the building operations 
to be carried on at night. 

The Siemens machine has, however, 
earried off the palm in all competitive 
trials with the Gramme, and in an article 
in our last volume we embodied the re- 
sults of a long series of most interest- 
ing experiments made for the Corpora- 
tion of the Trinity House by Dr. Tyndall 
and Mr. J. N. Douglass, for ascertaining 
the comparative merits of the two ma- 
chines. From these experiments (a de- 
tailed account of which was given in the 
reports of Dr. Tyndall and of Mr. Doug- 
lass which we printed in the same vol- 
ume) it was proved that to produce the 
same light a Siemens machine would 
weigh 3 cwt. as against 25 cwt. for 
Gramme, and would require to drive it 
but 3.3 horse power against 5.5 for 
Gramme, giving a proportion of light 
produced per horse power of 2080 for 
Siemens to 1257 for Gramme. Thus one 
Gtamme machine would weigh more 
than eight Siemens machines of equal 
power, its cost of driving would be 





nearly double, and in addition to these 
points in favor of the Siemens machine, 
the prime cost of the machine is as 100 
for Siemens to 320 for Gramme, that is 


| to say that three Siemens machines cost 


less than one Gramme machine of equal 
illuminating power. We are told in a 
letter from Mr. Charles Ball, which ap- 
peared in our issue of the 2nd of No- 
vember last, that the Gramme machine 
has been improved since the Trinity 
House experiments were made, but as 
that improved machine has never been 
subjected to any recognized competitive 
trial against the Siemens machine, the 
necessary data are wanting for estimating 
the relative merits of the two machines. 

Whatever form, however, will ulti- 
mately prevail, it is to dynamo-electric 
apparatus that we must look for bringing 
about that great future for electricity 
which has often been predicted in these 
columns, and we are glad to see that the 
importance of the subject is being recog- 
nized at head-quarters, and we must con- 
gratulate the Institution of Civil Engi- 
neers upon the valuable paper upon dy- 
namo-electric apparatus by Dr. Paget 
Higgs and Mr. Brittle, which was read 
at the meeting last week, and which 
gave rise to a very interesting discussion 
which is not yet closed. In the paper, 
of which we published a short abstract 
in our last issue, the authors, after re- 
viewing the history of the subject, gave 
a full description of the latest improve- 
ments of the Siemens machine, and of 
the special apparatus designed by Messrs. 
Siemens for the new electric lights at the 
Lizard lighthouses. 

In connection with electric illumina- 
tion it is not possible to overrate the im- 
portance of the lamp or regulator, by 
which the carbons are maintained at 
such a distance apart as to insure a 
steady light. Hitherto it has always 
been a weak point in the application of 
electricity to illumination purposes that 
the light produced was of an unsteady 
and flickering nature. This fluctuation 
might be produced by one or more of 
three causes: (1) variations in the speed 
of the machine, whereby the electro-mo- 
tive force was rendered inconstant; (2) 
defects in construction of the regulator; 
and (3) impurities and want of homo- 
geneity in the carbon points. The first 
of these is a simple mechanical question 
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and can be remedied by an efficient gov- 
ernor to the engine. The second has 
been got over in the lamp of Messrs. 
Siemens, which, while quickly adapting 
itself to variations in the current is ex- 
ceedingly simple and not liable to be- 
come deranged as are the highly com- 
plicated clockwork regulators of Serrin, 
Foucault, Duboseq, and others. Uni- 
formity in carbons can only be secured 
by careful selection, but during the last 
few years the manufacture of carbons 
for electrical purposes has greatly im- 
proved, and only wants the stimulus of 
a large demand to induce manufacturers 
to pay the attention to it that the im- 
portance of the subject deserves, The 
presence of small granules of silica seems 
to be the most deleterious, causing por- 
tions of the carbon points to split off 
often with a slight explosion. The plan 
of electro-plating the carbons with a 
thin film of metallic copper is one which 
recommends itself for several reasons. 
It gives to the carbon sticks a uniform 
conductivity and diminishes their re- 
sistance, by which they are kept from 
being heated by the passage of the cur- 
rent, and by encasing them in a copper 
sheath it reduces to a minimum their 
chances of splitting, besides making 
them less fragile to handle, and the film 
of copper is so thin as not to affect the 
color of the light by its own vaporization 
or to produce noxious sublimates in the 
atmosphere in which the lamp is burn- 


ing. 

%e, while a dynamo-electric machine is 
running, its terminals be connected to- 
gether, its external circuit being thereby 
closed, it will be found that a great re- 
sistance is offered to the rotation of the 
machine; the closing of the external cir- 
cuit has an effect upon the engine simi- 
lar to that produced by suddenly putting 
a heavy cut upon a lathe, and were it 
not provided with an efficient governor, 
the engine would, to a certain extent, 
be pulled up. Similarly if, while the 
machine is running, the external circuit 
be broken, work is taken off the machine, 
and without a governor the engine 
would “run away.” From this it will 
be apparent that if the lamp were sud- 
denly put out, the load would be taken 
off the engine, and injury might accrue 
from the suddenly increased speed of 
rotation. To remedy this a self-acting 





shunt is interposed between the machine 
and the lamp. 

In the paper read before the Instita- 
tion of Civil Engineers some very inter- 
esting comparisons were given between 
the cost of lighting by electricity and of 
lighting by gas, the proportions of which 
vary greatly in different places, being 
dependent upon the cost of gas at the 
particular place selected, and upon the 
kind of motive power employed to drive 
the machines. It appears, however, that 
for the illumination of large areas the 
cost of the electric light is about one- 
fourth or one-fifth of that of lighting by 
gas. At the works of Messrs. Siemens 
Brothers it has been found that there 
the economy is as two to one in favor of 
the electric light over gas, with the 
further advantage that the lighting is 
perfect, and is not attended with the 
inconvenience that gas is subject to, of 
being obscured by steam or fog. 

We cannot doubt that the time will 
come when central stations for distribut- 
ing electric power will be established in 
all our large towns for illumination pur- 
poses, for the transmission of power to a 
distance, and for other manufacturing 
and industrial purposes. There are 
abundant data by which it can be shown 
that coal can be more economically used 
for the illumination of a town by being 
consumed in a steam engine, which is 
employed to drive a set of dynamo- 
electric machines, than by being con- 
verted into gas and conveyed by pipes 
all over the district to be lighted. 
Again, for the transmission of power 
from a central station, where strict 
economy can be practiced, aided by very 
perfect steam engines, economical re- 
sults would be obtained, for the great 
waste of energy caused by a number of 
small and badly constructed steam en- 
gines, would more than cover the extra 
cost of transmission by means of electri- 
city, from a center where economy was 
practiced upon sound scientific princi- 
ples. 
A method of illuminating large halls 
was exhibited to the meeting during the 
discussion on the paper above referred 
to. This arrangement, which was first 
suggested to Dr. Siemens by the Duke 
of Sutherland, consists in projecting the 
rays from an electric lamp by means of 
@ concave reflector vertically upwards 
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upon a white ceiling, or, as was done at | sheet of paper by an object placed 
the Institution, upon a large white sheet, | twelve inches off. The most striking 
stretched horizontally across the roof. | effect, however, was produced by the 
The effect was as near to perfection as | electric light being stopped, leaving the 
illumination could be: the reflector being three powerful “sunlights” doing their 
deep enough to screen direct rays of the! work alone. 

lamp from the eyes of the audience there; The effect was as if the whole room 
was no unpleasant glare, and the room| was suddenly enveloped in a thick yellow 
was flooded with a soft, purely white, | fog, and it was difficult to believe that 


and at the same time most brilliant 


the illumination was the same as what 


light, so perfectly distributed that it | appeared so brilliant before the electric 
was impossible to cast a shadow upon a 


light was shown. 


PROGRESS OF TELEGRAPH ENGINEERING.* 


By Dr. C. W. SIEMENS. 


From “ Journal of the Society of Arts.” 


In reviewing the progress made in 
telegraph engineering during the last 
few years, I propose to notice in the 
first instance the subject of duplex and 
quadruplex telegraphy, which has recent- 
ly much occupied the attention of the 
telegraph engineer. Duplex telegraphy 
has been known and practiced to a very 
limited extent since 1854 (?) when it was 
first announced by C. A. Nystrom, of 
Oreboro, Sweden, and by Dr. Gintl, of 
Vienna, and carried out practically by 
Frischen and Dr. Werner Siemens. 
Although quite successful in some of the 
applications made af that time in Ger 
many, in Holland (between Amsterdam 
and Rotterdam), and in this country, 
under my own superintendence, between 
Manchester and Bowden, telegraphy it- 
self had not advanced sufficiently to call 
for an application of this inventicn upon 
a more extended scale, and it has only 
met with favor on the part of telegraph 
administrators since its reintroduction 
to public notice by Mr. Stearn, of Boston, 
in 1872, who improved, however, upon 
the original arrangement by balancing 
the discharge from the line by the dis- 
charge from an arrangement of con- 
densers. Another important advance in 
duplex telegraphy has been made by Mr. 
Louis Schwendler, who, by the applica- 
tion of an improved Wheatstone bridge 
arrangement has produced the means of 
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readily adjusting the effect of the neu- 
tralizing current during the working of 
the instrument, and has carried duplex 
telegraphy into effect with great ad- 
vantage upon the long lines of India, 
with which he is connected. 

The quadruplex telegraph, which may 
be considered to have been theoretically 
introduced by Dr. Stark of Vienna in 
1855, and contemporaneously by Dr. 
Boscha of Leyden, has been developed 
by Mr. Edison of New Jersey, United 
States, and has been for some time es- 
tablished upon the line between New 
York and Boston, under the superintend- 
ence of Mr. Prescott, the engineer of the 
Western Union Line. In this system 
the principle of duplex telegraphy is 
combined with the equally well-known 
system of producing different effects by 
currents differing in strength. 

Our attention is next arrested by the 
great novelty of the day, the telephone. 
This remarkable instrument owes its 
origin to the labors of several inventors. 
In the year 1859 the late Sir Charles 
Wheatstone devised an arrangement by 
which the sounds of a reed or tuning- 
fork, or a combination of them, could be 
conveyed toa distance by means of an 
electric circuit, including at both stations 
a powerful electro-magnet. In striking 
any one of the tuning forks differential 
currents were set up which caused the 
vibration of the corresponding tuning 
fork at the distant station, and thus com- 
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municated the original sound. In 1861 
Reiss enlarged upon this ingenious sug- 
gestion in attempting to convey the 
varying vibrations of a diaphragm agi- 
tated by atmospheric sound-waves. This 
instrument transmitted currents only of 
equal intensity, and produced therefore 
sounds of equal calibre, distinguishable 
only by their periods. Mr. Edison, by 
establishing contacts through the medium 
of powdered plumbago, has succeeded in 
transmitting galvanic currents varying in 
intepsity with the amount of vibration of 
the diaphragm. As another step to- 
wards the accomplishment of the perfect 
transmission of sound, I should mention 
also the logograph, or recorder of the 
human voice, which Mr. William Henry 
Barlow, F.R.S., a member of our society, 
communicated in a paper to the Royal 
Society, on the 23d February, 1874. 
The beautifully simple instrument 
of Professor Graham Bell, of Cambridge, 
United States, must be regarded as a 
vast step in advance of all previous at- 
tempts in the same direction. In making 
the diaphragm of iron, and having re- 
course to Faraday’s great discovery of 
magneto-induction, Mr. Bell has been 
able to dispense with the complication of 
electrical contacts and batteries, and to 
cause the vibrations of the diaphragm 
imparted by the voice to be accurately 
represented in strength and duration by 
electrical currents, thus producing the 
marvelous results of setting up analo- 
gous vibrations in the diaphragm of the 
receiving instrument, which, though 
weaker than the vibrations imparted to 
the transmitting diaphragm, so closely 
resemble them as to repeat the quality 
of voice which causes the original vibra- 
tions. The currents transmitted are so 
minute as to escape observation by the 
most delicate galvanometer, as the mag- 
netic needle, however light, must be too 
slnggish to be moved visibly by such 
quick impulses, and it requires an elec- 
tro-dynamometer of exceeding sensitive- | 
ness to bring them into evidence. The | 
rapidity with which these reversing cur- | 
rents follow each other can be accurately | 
determined in transmitting the sound of | 
a high-pitched tuning fork, and Mr. 
Kéntgen concludes, from experiments he 
has made in this direction that not less 
than 24,000 currents can be transmitted 
in one second. The system of suspended | 


'line-wires now generally in use is open to 


many grave objections. The mutual in- 
duction between parallel line-wires, and 
the leakage from one wire to another 
through fhe supporting poles are a per- 
manent source of trouble in working 
telegraph instruments. Again, it hap- 
pens that not unfrequently suspended 
line-wires are thrown down, causing the 
almost entire cessation of telegraphic 
communication for days in the event of 
a great gale or snow-storm. The remedy 
for these interruptions is undoubtedly 
the underground line-wire system. This 
yas first tried in Germany upon an ex- 
tended scale in 1848-9, but was given up 
in favor of the suspended line in conse- 
quence of the want of experience in 
manufacture and imperfect protection 
afforded to the gutta-percha-covered 
copper wire. Since then it has been 
largely used in this country. The Ger- 
man Telegraph Administration, under 
the able direction of Dr. Stephan, has 
within the last year or two again re- 
sorted to the application of the under- 
ground conductor for long lines. A 
represesentative cable of what it was in- 
tended to lay was put down in 1876 be- 
tween Berlin and Halle, a distance of 120 
English statute miles. The success of 
this line induced his Government to lay 
down last year multiple cables between 
Berlin and Cologne, and Berlin, Ham- 
burg, and Kiel, an aggregate distance of 
600 miles, while further extensions are in 
course of execution. 

In submarine telegraphy no startling 
feat of novelty can be reported, although 
steady progress has recently been made 
in improving the manufacture of the in- 
sulated conductor, in the attainment of 
an increased rate of transmission through 
long distances, in the outer protection 
given to the insulated conductor, and in 
the vessels and other appliances employ- 
ed for submerging and repairing deep- 
sea cables. The conductor almost uni- 
versally adopted in the construction of 
submarine cables has been a strand of 
seven copper wires, covered with three 
thicknesses of gutta-percha, with inter- 
vening layers of a fusible resinous com- 


pound, 


In the case of the Direct United States 
Telegraph Company’s Cable, the con- 
ductor consists of one large central wire 
of 0.090 inches diameter, surrounded by 
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eleven small copper wires of 0.035 inches | prise. They give, for instance, to the 
diameter. department the faculty of purchasing 
Although this country has from the| letters patent, whereby an interest is 
first taken a prominent part in the inven-| created in favor of particular instru- 
tion and development of the electric; ments, to the prejudice of others of per- 
telegraph, and is still the seat of oceanic | haps equal merit, and such a course is by 
telegraphic enterprise, almost to the ex- | no means calculated to stimulate inven- 
clusion of other countries, it has lately | tion. 
been asserted that other countries, and; The erection of lines for local and 
especially the United States, are now/ private purposes is an important branch 
taking the lead in telegraphic improve-|of telegraphy which I submit should 
ment, and it behoves us to inquire have remained entirely outside the 
whether such an allegation is founded | scope of a public department, in order 
on fact, and, if so, whether it is attribu-|that competition might have a free 
table to indolence on our part or to cir-| opportunity of developing such applica- 
cumstances beyond our control. It can- | tions, as is the case in the United States, 
not be denied that the more startling | where private and circular telegraphy is 
innovations of recent days have chiefly undoubtedly in advance of other coun- 
emanated from the United States, the tries. Great improvements have indeed 
only civilized country in which, as it been recently made by the Postal Tele- 
happens, internal telegraph communica-| graph Department in the rate of work- 
tion is still in the hands of private com-|ing of Wheatstone’s automatic circuits, 
panies. Is it, it may be asked, thisopen|and in the employment of fast-speed 
competition which has stimulated the | translators or repeaters, as is proved by 
American inventor to bring forth duplex | the following data, for which I am in- 


and quadruplex telegraphy, the tele- 
phone, and other innovations? I incline 
to the belief that the open competition 
for public favor does act as a powerful 
stimulant to invention in the United 
States, a stimulant which was equally 
active in this country in producing a 
variety of novel instruments, at the time 
prior to the purchase of the telegraphs 
by the Government. In frankly giving 
expression to this opinion, I do not mean 
to call in question the wisdom of the 
policy which dictated the purchase, on 
public grounds, of the telegraphs by 
Government. Through it we have ob- 
tained a uniform and moderate tariff, an 
extension of the telegraph system to 
minor stations (although the number of 
stations open in this country does not 
yet exceed that provided in the United 
States, being in the one case a station 
for every 5,607, and in the other forevery 


5,494 inhabitants), and a better guaran- | 


tee for the secrecy of messages. 
It is a question worthy of considera- 
tion whether the Acts of Parliament of 


debted to our vice-president, Mr. W. H. 
Preece. It has been found that the in- 
sertion of one of the new fast-speed 
translators in Dublin has more than 
doubled the rate of working between 
London and Cork, and the insertion of 
one of these relays in Anglesea has im- 
roved the rate of working between 
| ondon and Dublin about fifty per cent. 
|As an indication of the rate at which 
|/messages can be transmitted, it appears 
that the Queen’s Speech, containing 801 
words, was sent to Leicester in 4 min- 
utes 28 seconds, being at the rate of 179 
words per minute. ‘The quickest rate at 
which it was sent by key was between 
London and Reading, where it occupied 
17 minutes, or at the very high speed of 
47.1 words per minute. It is, perhaps, 
interesting to remark that on the first 
night of the session over 420,000 words 
were actually transmitted from the cen- 
|tral station, and over 1,000,000 words 
| were delivered in different parts of the 
| country. 
| The quadruplex system of telegraphy 





1868-9, by which the Government De-| continues to be worked with very satis- 
partment of Telegraphs was created in factory results between London and 
this country, do not go beyond the| Liverpool, and it has quite quadrupled 


limits necessary to insure a well-regu- | the power of the one wire to carry mes- 
lated public service in taking the con-| sages. The highest number of messages 
struction, as well as the working of the transmitted in one hour has been 232; 


lines, out of the hands of public enter- about 200 per hour have frequently been 
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sent. The system of duplexing Wheat-/1 lb. of coal suffices to maintain a light 
stone automatic circuits is gradually ex-|equal to 4174 normal candles for one 
tending, and on the Leicester wire which | hour. The same amount of light would 
carried the Queen’s Speech, at the rate|be produced by 139 cubic feet of gas of 
named, messages were being transmitted | 18-candle power, for the production of 
in the opposite direction by the duplex| which 30 lbs. of coal are consumed. 
arrangement at the same time. In sub-| Assuming that of this quantity, after 
marine telegraphy ample scope still ex-| heating the retorts, &c., 50 per cent. is 
ists, as I have endeavored to show, for|returned in the form of gas-coke, there 
the ingenuity and enterprise of the tele-| remains a net expenditure of 15 lbs. of 
graph engineer; but here again the free|coal in the case of gas-lighting to pro- 
exercise of these faculties is threatened, | duce the effect of 1 lb. of fuel expended 
not by legislative action, but by a pow-| in electric lighting, or a ratio of 15 to 1 
erful financial combination. It is intend-|in favor of the latter. Add to the 
ed by this combination to merge the in- | advantages of cheapness in maintenance, 
terests of all oceanic and international | and of a reduced capital expenditure in 
lines and the construction of new lines favor of the electric light, those of its 
into one interest. |great superiority in quality and its free- 

Electricity has hitherto rendered ser-|dom from the deleterious effects of gas 
vice as the swift agency by which our | in heating and polluting the atmosphere 
thoughts are flashed to great distances, in which it burns, and it seems not im- 


but it is gradually asserting ‘its rights 
also as a means of accomplishing results 
where the exertion of quantitative effects 
are required. Much has been said about 
the application of electricity for pro- 
ducing light, and the French Company 
Alliance, as well as the Gramme Com- 
pany, have it is known for some years 


|probable that it will supersede before 
long its competitor in many of its appli- 
cations. For lighthouses, for military 
purposes, and for the illumination of 
‘large works and public buildings, the 
electric light has already made steady 
progress, while for domestic applications 
the electric candle proposed by Jablikoff, 
‘or modifications of the same, are likely 


been establishing magneto-electric ap- 


paratus to illuminate the lighthouses to solve the difficulty of moderating and 


upon the French coast, and for galvano-| distributing the intense light produced 
plastic purposes. By an ingenious com- by the ordinary electric lamp. 

bination of two magneto-electric ma-| The dynamo-electric machine has also 
chines, with Siemens armatures, Mr.| been applied with considerable success 
Wilde, of Manchester, succeeded in to metallurgical processes, such as the 
"amg ———- ” effects —— ge pte of oy or 

y purely mechanical means, bu e| the wet process of smelting. e effec 
greatest impulse in this direction was | of 1 horse-power expended in driving a 
given in 1866-67 by the introduction of | dynamo-electric machine of suitable con- 
the dynamo-electrical principle, which | struction is to precipitate 1120 lbs. of 
=, - Be —— A — | iy per or es "rt 
active in the electric circuit to the ut-|to an expenditure of 7 s. of coal, 
most extent permissible by the conduc-| taking a consumption of 3 lbs. of coal 
eae Fn “— md be ae per “aongo es 
r. Tyndall an r. Douglas, chief en-| action for the separation of metals nee 

gineer to the Trinity Board, in reporting| not be confined, however, to aqueous 
lately to the Elder Brethren upon the/ solutions, but will take perhaps an 
power of these machines and their ap-| equally important development for the 
plicability to lighthouses, give a table| separation in a state of fusion of the 
—— that a —, —s not | lighter se such y mapaseatoige = 
more than 3 cwt. is capable of producing | cium, and of some of the rarer metals, 
a light equal to 1,250-candle power per | such as potassium, sodium, &c., from 
horse-power expenditure of mechanical| their compounds. Enough has been 
energy. Assumi f I "se- y -rofess imly ie 
want is waietehend an pot ‘s een, "cscs tae py Sg 
of 3 lbs. of coal per hour (which is an ‘this direction. In an inaugural address 
excessive estimate), it would appear that | which I had occasion to deliver to the 
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Iron and Steel Institute, a twelv ena | 





ago, I called attention to another appli- | 
cation of the dynamo-electric current, | 


that of conveying mechanical power, es- 


pecially the power of such natural sources | 


as waterfalls, to distant places, where 
such power may find useful application. 
Experiments have since been made with 


a view to ascertain the percentage of | 
power that may thus be utilized at a) 


distance, and the results of these experi- 


ments are decidedly favorable for such | 


an application of the electrical con- 
ductor. A small machine, weighing 3 
ewt., and entirely self-contained, was 
found to exert 2.3 horse-power as meas- 
ured by Prony’s brake, with an expendi- 


ture of 5 horse-power at the other end) 
of the electric conductor, thus proving | 
that above 40 per cent. of the power ex-| 
pended at the distant’ place may be re-| 
covered; the 60 per cent. lost in trans-| 


mission includes the friction of both the 
dynamo-electric and electro-motive en- 
gines, the resistance of the conductor, 


and the loss of power sustained in effect- | 


ing the double conversion. 
Without considering at present the 
utilization of natural forces, let us take 


the case of simply distributing the power 
of a steam-engine of say 100 horse-power 
to twenty stations, within a circle of a 
diameter, for the production of both 


light and power. The power of 100 
horses can be produced with an expendi- 
ture of 250 Ibs. of coal per hour, if the 
engine is constructed upon economical 
principles, or of 

250 

—— =1]2.5 lbs. 

20 
per station. In the case of the current 
being utilized for the production of light 


2.3 x 1200=2760, 


or, say, 2,000 candle power, are pro- 
ducible at the station, whereas, if power 


is desired, 2.3 horse-power may be ob-| 
tained, in both cases with the expendi- | 


ture of 12.5 Ibs. of coal, representing a 


penny an hour for cost of fuel, taken at | 
The size of the conductor | 
necessary to convey the effect produced | 


15s. a ton. 


at each station need not exceed half an 
inch in external diameter, and its cost of | 
establishment and maintenance would be | 


mall as compared with that of gas or| 


water pipes for the conveyance of the 
same amount of power. 

Electricity, which in the days of 
Franklin, Galvani, Volta, and Le Sage, 
was regarded as an ingenious plaything 
for speculative minds, and did not ad- 
vance materially from that position in the 
time of Oersted and Ampére, of Gauss 
and Weber, and not indeed until the 
noonday of our immortal Faraday, has, 
in our own times, grown to be the swift 
messenger by which our thoughts can be 
flashed either overland or through the 
depths of the sea to distances circum- 
scribed only by terrestrial limits. It is 
' known to be capable of transmitting, not 
only language expressed in conv entional 
cypher, but facsimile copies of our draw- 
ings and hand writing, and at the present 
day even the sounds of our voices, and 
of resuscitating the same from mechani- 
eal records long after the speaker has 
passed away. In the arts it has already 
played an important part through the 
creation by Jacobi of the galvano-plastic 
process, and in further extension of the 
same principle it is rapidly becoming an 
important agent,in the carrying out of 
metallurgical processes upon a large 
\scale. It has now appeared as the 
formidable rival of gas and oil for the 
production of light, and, unlike those in- 
ferior agents, it asserts its higher nature 
in rivalling solar light for the production 
of photographic images; and, finally, it 
enters the ranks as a rival of the steam- 
engine for the transmission and _ utiliza- 
tion of mechanical power. Who could 
doubt, under these circumstances, that 
there remains an ample field for the ex- 
ercise of the ingenuity and enterprise of 
the members of that society I have just 
had the honor of addressing ? 





ape 


Tue prizes of the Paris Academy of 
Sciences have been recently awarded. 
Practical engineering has secured some 
of the important awards. In mechanics 
‘the Poncelet prize was awarded to M. 
Laguerre for his mathematical works; 
the Montyon prize to M. Caspari, for his 
work on chronometers; the Phumey prize 
_to M. Freminville, for his improvements 
in steam engines; the Fourneyron prize 
to M. Mallet, for his tramway engine. 


—The Engineer. 
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ON THE EFFECTS OF PHOSPHORUS AND MANGANESE ON 
THE MECHANICAL PROPERTIES OF STEEL. 
By M. EUVERTE. 
From “ Bulletia de la Société de l’Industrie minérale,” Abstracts published for the Institution of Civil Engineers. 
In the year 1874, the Author made a|as the proportion contained in iron rails 
communication to the Société des Ingé- varies from 0.15 to 0.80 per cent., and 


nieurs civils, of Paris, on the manufac- only so much of each quality may be 
ture, at Terre-Noire, of cast steel con- used that the percentage in the steel 


taining phosphorus. In this communica- 


tion the general law was put forward | 


that phosphorus might be introduced 
into steel, on the condition that the pro- 
portion of carbon contained in it was di- 
minished; and that the less carbon the 
steel contained, the more phosphorus 
might be admitted into it without de- 
priving it of its valuable properties. 

The maximum proportion of phos- 
phorus that may be introduced into 
steel, for rails, is from 0.28 to 0.32 per 
cent., on the condition that the amount 
of carbon contained at the same time in 
the metal does not exceed 0.18 to 0.22 
per cent. Any excess of phosphorus 
beyond this limit renders the metal 
brittle, liable to be red-short and difficult 
to roll. 

The Author then discusses the relative 
advantage of the Besserer and the 
Siemens-Martin processes, for the pro- 
duction of steel from materials contain- 
ing a sensible proportion of phosphorus; 
and, after having given a general prefer- 
ence to the latter, remarks that in 
making steel by it from scrap iron of 
any kind, more particularly from old 
rails, it is important, in the first place, 
to classify the scrap to be used, accord- 
ing to the amount of phosphorus in it; 





White Solenzara pig iron 
Light Steel scrap 
Old iron rails, Creusot 


“ 


“e “ 


Loire 


Commentry, Fourchambault.... 


produced shall not exceed 0.30 per cent. 

The bed of the furnace, when used for 
making steel from old rails, is formed of 
\silicious sand in the usual way. The 
materials to be melted are heated in an 
auxiliary furnace, before charging them 
into the melting furnace, to economize 
the heat of the latter, to admit of main- 
| taining a more regular temperature in it, 
}and to increase the rapidity of work- 
| ing. 

The pig iron employed to form a bath 
may, if sufficiently pure, be of any qual- 
ity, from the very greyest metal, con- 
| taining 5 per cent. of carbon and 2 per 

cent. of silicon, to white iron containing 
2.8 per cent. of carbon and no silicon. In 
the former case, the weight of pig iron 
required will be less than 10 per cent. of 
the total charge; in the latter it will be 
from 30 to 35 per cent. Where white pig 
iron, sufficiently free from phosphorus, 
can be obtained at a moderate price, it 
is advantageous to use this rather than 
gray iron; taking care, however, to avoid 
such metal as contains an excessive 
amount of sulphur. The white pig iron 
(fonte blanche chaude) of Solenzara has 
been that most used at Terre-Noire. 

The following may be taken as the 
composition of a typical charge:— 


Total Weight 
of Phosphorus 
in the Charge. 


Percentage 
of 
Phosphorus. 


Weight 
Charged. 





Kilogrammes. 
.100 1.750 
.100 0.800 
. 700 5.950 
‘ 5 .420 2.100 
3.400 
0.378 


| Kilogrammes. 
1,750 





14.378 





The pig iron is first melted and raised 
to a high temperature, and the other 


materials, having been previously heated 
in the auxiliary furnace, are charged into 
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the bath, in quantities of from 4 to 6 owt., | metal charged being 0.237 per cent. 
and at intervals of fifteen to twenty|The 140 kilogrammes of ferromanga- 


minutes. 


The steel scrap is added first | nese added contain 84 kilogrammes of 


and then the old rails, beginning with | metallic manganese, equal to 1.4 per 
those that contain the most phosphorus; | 
as the total quantity to be put in is| 
never quite fixed, it being necessary to' 


add more or less according to the rate 


at which the oxidation of the metal goes | 


on, and thus it is best to retain to the 
last that portion of the charge which 
will least affect the composition of the 
bath. 
been added that the metal begins to be- 
come malleable, test pieces are frequently 


cent. of the weight of the charge. This 
is an average proportion, but when the 
metal is muck oxidized, as much as 2 per 
cent. more of manganese may be re- 
quired; and good charges have on the 


/other hand been made, under favorable 


As soon as so much scrap has_ 


taken from it and beaten out under a/ 


small steam hammer into plates 4 to 44 
inches in diameter and about inch thick. 
The earlier tests, taken while the metal 
is still hard, forge fairly well under the 


hammer, but are brittle when cold. As) 


the process goes on, the test pieces be- 
come more and more red-short, but 
softer and more pliable when cold. When 
the last test is soft enough when cold 


| 


to bend double without breaking, and_ 


shows a fibrous fracture, the ferro- 
manganese, previously heated, is added 
at once, and the metal is tapped as rap- 
idly as possible. 


The time occupied in working a charge 
|phosphorus that they contain, but also 


including the repair of the furnace, is 
from seven to eight hours, and the aver- 
age output, per furnace, is 174 to 18 tons 
in twenty-four hours. The loss is 6 to 


8 per cent., and as there is no elimina-| 


tion of phosphorus in the process, the of load, of steel rails containing different 


conditions, with the addition of only 1 
per cent. of manganese. 

The manganese added is equal to 1.49 
per cent. of the 5,650 kilogrammes of 
steel produced. Of this from 0.650 to 
0.950 per cent. is found by analysis to be 
contained in the metal, the rest passing 
into the slag. 

The metal, before the addition of 
ferromanganese, contains from 0.11 to 
0.12 per cent. of carbon; and as the 
ferromanganese itself contains 5.50 to 
5.75 per cent., the total quantity of car- 
bon in the steel, if none were burned 
out, should be from 0.245 to 0.265 per 
cent. The amount found in it is from 
0.220 to 0.260 per cent. 

The mechanical properties of steels 
containing phosphorus, made as above 


| described, depend to a great extent, not 


only on the amounts of carbon and 


on the proportion of manganese intro- 


total quantity contained in the materials | 


treated ig, concentrated in the steel; so| 
|section, 60 lbs. per yard, and rested on 


that this will contain, in the case of the 


duced into them. 
The following table shows the average 
deflections, under successive increments 


percentages of carbon, phosphorus, and 
manganese. The rails were of flange 


charge under consideration, 0.253 per|supports 1 meter apart. The deflections 


cent., the mean percentage in  the!'are given in millimeters. 








C=0.45—0.55 | Cc 
P=traces. P 


| 0.15— 
0.27— 
| Mn=0.15—0.25 | Mn=0.25— 


0. C=0.17 —0.22 C=0.17—0. 
0. P—0.28 —0.31 P=0.25—0. 
0.35 |Mn=0.50—0.70 | Mn=1.00—1. 





Load (in Tons of 
1,000 Kils). 


Deflection. 
Under | Perma- | 
| Load. | nent. 


Deflection. 


Deflection. 


| 
y 
Deflection. | 





Perma- | Under | Perma- 
nent. Load. nent. 


Under 
Load. 


Perma- 
nent. 





> 
° 


SH fw CO COD 


Co CO me TDD 
owooo 
| Cwwooe 


i 
_ 


Load causing fracture} 45 to 49 tons. 
| 


43 to 48 tons. 


0.0 


0.0 8 
3 
; 


3 | 4 


i 23. 


12.6 
33.8 


WIRSOSS |j 


0 
0 
2 
1 
8 


0. 

0. , 
0. 3.5 
8. 

8. 1 


9 


43 to 48 tons. 


2 








43 to 48 tons. 
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The behaviour of the four varieties is 
thus almost identical up to the limit of 
elasticity; beyond that point, the deflec- 
tion of the phosphoretted metal is much 

reater than that of the rail made of 
essemer steel of ordinary quality; but 
by augmenting the proportion of man- 
anese, the strength and stiffness of the 
ormer are increased. The results of 
tests of the same rails by a falling 
weight correspond to those of the dead- 
weight tests; the rails that contain more 
manganese being stiffer and stronger 
than those containing less; the rails of 
phosphoretted metal that contain 1 per 
cent. of manganese, or more bearing 
even a heavier blow, without fracture, 
than rails of ordinary good Bessemer 
steel, nearly free from phosphorus. 

Other tests show that the strength 
and ductility of phosphoretted steel are 
increased, much more than is the case 
with ordinary steel, by casting the ingots 





large, and putting as much mechanical 
work on the metal as possible; and that 
when the phosphoretted steel has been 
submitted to sufficient working, it has, 
for metal giving an equal percentage of 
elongation, a greater tensile strength 
than steel free from phosphorus. It is 
probable, also, that the employment of 
more powerful machinery, rendering it 
practicable to cast phosphoretted steel 
in larger ingots, and to put more work 
on it, will permit of making good rails 
from metal containing more than the 
present limit of 0.3 per cent. of phospho- 
rus. 

The effect of an increased percentage 
of manganese, on steels containing but 
litle phosphorus, is to augment the 
strength and the ductility of the metal 
to a remarkable degree, as shown by the 
following table of the properties of 
varieties of Bessemer metal containing 
different proportions of manganese: 





No. 2. No. 38. 


C=0.22—0.35 
P=0.03—0.05 
Mn=0.12—0.15 


C=0.35—0.45 
P=0.06—0.08 
Mn=0.95—1.05 





Limit of elasticity (tons per square inch). . 
Breaking load 
Elongation ¢ (on test pieces 4 inches long)* 





16.00 
29.60 
21.40 


23.84 
43.61 
21.28 











The steel containing about 1 per cent. 
of manganese has thus a tensile strength 
greater than that of the harder ordinary 
steel, No. 1, coupled with a ductility 
nearly equal to that of the softer and 
weaker metal, No. 2. 

Another property of manganese, when 
alloyed with steel, is to augment the ex- 
tent to which it is capable of being 
hardened or tempered, when heated to 
redness and cooled rapidly. This may 
be seen from the following comparison 
of the properties, in the untempered and 
tempered states, of steels containing re- 





spectively 0.25 to 0.30, and 0.35 to 0.45 
per cent. of carbon, together with differ- 
ent proportions of manganese: 
(See Table on following page.) 

Steel containing phosphorus as well as 
manganese extends less, before breaking, 
than steel containing the same amount 
of manganese together with little or no 
phosphorus, while it has about the same 
ultimate tensile strength; and it is also 
less affected by tempering. Thus steel 
containing C=0.35 to 0.45, P=0.24 to 
0.27, and Mn=1.15 to 1.25 per cent., 
gives the following results: 





Tempered in 
Oil, from dull 


Untempered. 
Redness. 





Limit of elasticity (tons per square inch) 
Breaking load - ” 


Elongation per cent. (on test pieces four inches long).......... 


19.90 
49.14 
9.75 


22.18 
42.96 
17.25 











* The ordinary size of the test pieces in use at Terre-Noire is 8.93 inches (10 centimeters) in length by 0.59 


inch (15 millimeters) in diameter. 








Tempered 
in Oil, 
from dull 
Redness. 


Untem- 


Tempered 
in Oil, 
pered. | from dull 
Redness. 





| Tempered 
| in Oil, 

| from dull 
Redness. 


Tempered 
in Oil, 
from dull 
Redness. 


| Untem- 
pered. 


Untem- 
pered. 





Limit of elas- 
ticity(tons pr. 
sq. Inch)....| 
Breaking load 
(tons per sq. 
inch) 

Elongation ¢% 
(on test pieces 
4 inches long) 


21.97 | 17.71 


39.05 





21.00 





20.857 


41.97 


9.50 | 23.00 
| 


| 19.60 | 22.85 | 28.83 


36.69 42.85 43.81 





121.28 | 1.25 


9.80 | 








This is a considerably less degree of 
ee than that shown by steel con- 
taining the same proportion of carbon 
and only 0.95 to 1.05 per cent. of man- | 
ganese, together with little phosphorus. | 


An excess of manganese, while it in- 
creases the strength of steel, may at the 
same time (if carbon is also present in 
sensible quantity) render it brittle. 
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Tue Railway Department of the Board 
of Trade is never weary of urging on the 
railway companies of Great Britain the 
necessity for using continuous brakes. 
It is much to be regretted that certain 
‘companies appear to have obstinately 
determined that they will either adopt 
nothing of the kind until its use is forced 
upon them, or to retain in their service 
systems of so-called continuous brakes 
which have been proved over and over 
again to be untrustworthy. <A corre- 
spondence which has recently taken place 
between the Board of Trade and the 
railway companies—just published— 
bears very instructively on this matter. 
It will be remembered that a correspond- 
ence took place last year between the 
Railway Companies’ Association and the 
Board on the subject of continuous 
brakes, to which we have already re- 
ferred at length. A second circular, 
issued on the 30th of August, 1877, calls 
the attention of the companies to that 
correspondence, and states that the Board 
has been giving further attention to the 
subject, and from a careful examination 
of the reports of its officers on the acci- 





| Ways. 


Engineer.” 


dents which have occurred during the 
last few years, the Board has arrived at 
the conclusion “that three-fourths of 
these accidents might be avoided, or the 
results materially mitigated, if the pas- 
senger trains concerned had been fitted 
with continuous brakes.” The circular 
then goes on to point out how desirable 
it is that a uniform system of brake 
should be used, at least by all companies 
working over each other’s lines. Thus 
“the London and North Western, the 
Great Northern, and the Midland Com- 
panies all run through trains to Scotland, 
which are forwarded over the Caledonian, 
North Eastern, North British, Glasgow 
and South Western, and Highland rail- 
It is, therefore, obvious that the 
advantage to be derived from any con- 
tinuous brake system in use on any of 
these lines will be diminished and neu- 
tralized, if at such stations as Carlisle, 
Glasgow, York, Edinburgh, Perth, and 
Inverness, the traffic is so arranged that 
carriages with one system of brakes are 
attached to trains containing carriages 
fitted with a different system. The evil 
can only be avoided if those companies: 





THE BOARD OF TRADE AND CONTINUOUS BRAKES. 





which interchange traffic with one an- 


other adopt one and the same general 
system.” The Board adds with regret 
that it fails to find any evidence of an 
intention on the part of the different com- 
panies to take any steps towards this 
end. The circular is especially hard on 
the Clark and Webb brake, used on the 
London and North Western Railway, 
and which “ No other great company has 
ever tried.” After referring to the 
adoption of the Westinghouse and 
vacuum brakes by other companies, the 
circular goes on to say :—“‘ Under these 
circumstances the Board of Trade, whilst 
recognizing the efforts which some of the 
companies are making in testing or 
adopting improved systems of brakes, 
cannot regard the state of things shown 
by these papers as satisfactory, inasmuch 
as it indicates a diversity of opinion and 
action, and in some cases an absence of 


progress, which, if allowed to continue, | 


will be most injurious to the character of 
the companies and to the interests of the 
public. There has apparently been no 
attempt on the part of the various com- 
panies to take the first step of agreeing 


upon what are the requirements which in | 


their opinion are essential to a good con- 
tinuous brake. In the opinion of the 
Board of Trade these conditions should 
be as follows :—(a) The brakes to be 
etlicient in stopping trains, instantaneous 
in their action, and capable of being ap- 


plied without difficulty by engine-drivers | 


or guards. () In case of accident to 
be instantaneously self-acting. (c) The 
brakes to be put on and taken off (with 
facility) on the engine and every vehicle 
of atrain. (d) The brakes to be regu- 
larly used in daily working. (e) The 
materials employed to be of a durable 
character, so as to be easily maintained 
and kept in order. The inquiries and ex- 
periments instituted by the Royal Com- 
mission on Railway Accidents, and the 
recent researches into the causes of rail- 
way accidents during the last few years, 
appear to the Board of Trade to leave no 
doubt as to the importance of the above 
conditions, and the experience which has 
been obtained by the companies appears 
sufficient to enable them to come to some 
general and unanimous conclusion. There 
can, therefore, be no reason for further 
delay, and the Board of Trade feel it 
their duty again to urge upon the rail- 


‘need not reproduce them in detail. 
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way companies the necessity for arriving 
at an immediate decision and united ac- 
tion in the matter.” 

The circular concludes with a request 
that particulars of all experiments made 
with continuous brakes may be sent to 
the Board to be laid before Parliament. 

To this circular replies have been re- 
ceived from a few companies only; we 
The 
Brecon and Merthyr Railway Company 
have used Fay’s system for many years 
with excellent results. The Glasgow 
and South-Western Company use the 
Westinghouse brake on their Midland 
trains; and in September, 1877, they had 
given orders that the vacuum brake 
should be tried on their Greenock line. 
The Highland Company have been using 
Newall’s brake since 1863, and are quite 
content with it. Mr. Knight, of the 
London and Brighton Railway, states 
that after making careful and exhaustive 
trials of the Westinghouse, Barker’s, and 
Edwards’ brakes on their line, he and 


Mr. Stroudley “have concluded that the 
Westinghouse brake is one of the most 


efficient, if not the most efficient, of any 
of the patent brakes which have yet 
come under our notice;” and we may add 
here that the directors have recently 


| given orders for the general adoption of 


this brake on their lines. The Man- 
chester, Sheftield, and Lincolnshire Com- 


/pany have adopted the Smith’s vacuum 


brake, but they argue at the same time 
that continuous brakes are likely to be- 
come a source of danger, and in illustra- 
tion of this, they call attention to an 
accident which occurred on the Cheshire 
lines system. The question raised here 
is important, and we shall consider the 
value of the argument in a moment. 
The North British Company have de- 
cided to adopt the Westinghouse brake, 
the Rhymney Company use Fay’s brake; 
the South-Eastern Company, after taking 
much credit to themselves for all that 
they have done to promote improve- 
ments in working railways, state that 
they have decided to adopt the vacuum 
brake. To the circular and the corre- 
spondence which we have just noticed, is 
added an appendix containing copies of 
the reports of the officers of the Board 
of Trade on all recent accidents which 
might have been avoided or mitigated 
by the use of continuous brakes, a copy 
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of each report having been sent to the 
company concerned. There are in all 
ten of these reports, dealing with acci- 
dents which took place between August, 
1877, and the first week in January, 
1878. Of these ten accidents no fewer 
than six occurred on the London and 
North-Western Railway, by which 
twenty-nine persons were injured, one 
was killed, and much damage was done 
to rolling stock. 

The Manchester, Sheffield, and Lincoln- 
shire Company hold, as we have said, 
that continuous brakes introduce a new 
source of danger, and they cite, in proof 
of this statement, a collision which oc- 
curred on the 2d of January, at Stock- 
port. In this case the 8.45 a.m. train 
from Liverpool to Hull ran into a goods 
van. because the vacuum brake would 
not act, the cause of failure being that a 
pin came out and the steam could not be 
turned on to the ejector, and so no 
vacuum was made. We quite agree 
with the Manchester, Sheffield, and 
Lincolnshire Company, that a brake lia- 
ble to such a derangement may readily 
become a source of peril; but nothing 
can be more absurd than to draw the 


conclusion that because one system of 
brake failed in this way, all systems 


must be treacherous. The remedy lies 
in using brakes which will go on and stop 
the train if the apparatus becomes de- 
ranged, or will otherwise show that they 
are out of order. The brake, in a word, 
should be so made that it will report its 
own delinquencies, and not leave them 
to be found out at the last moment. We 
have heard it argued that much incon- 
venience will result from the introduc- 
tion of such a novel principle as this; 
but in point of fact, it is not new in re- 
lation to railways. On the contrary, it 
is followed out on almost every railway 
in the kingdom. When, for example, 
the wire for working a distance signal 
breaks, the arm flies to danger. The re- 
sult is, that a train may be stopped at 
the wrong time. A train fitted with a 
continuous brake should be unable to run 
a mile with the brake out of order, and 
that this result can be secured is perfect- 
ly well known to all who are acquainted 
with the working of the Westinghouse 
automatic brake, and one or two other 
inventions. If the Manchester, Sheffield, 
and Lincolnshire directors had but used 





their opportunities they could have 
cited instances which tend much more 
forcibly than the Stockport collision to 
prove that it is quite possible a bad brake 
may cause accidents. We allude to 
events on the London and North-Western 


| Railway system, which tend strongl 


to show that the Clark and Webb brake 
is entirely untrustworthy. In fact, it 
appears to be by far the worst continu- 
ous brake ever used to any extent on a 
great railway. ; 

We have already pointed out that no 
fewer than six accidents have recently 
occurred on the London and North- 
Western system, all which might proba- 
bly have been avoided by the use of an 
efficient continuous brake. The first of 
these was a derailment which took place 
between Moore and Warrington on the 
15th of August. In this case the train 
ran more than half a mile, notwithstand- 
ing every effort of the driver to stop it, 
because the Clark and Webb brake 
would not act. The second was a colli- 
sion which occurred on the 3rd of Octo- 
ber at Eccles Junction. A fast train 
from Liverpool to Manchester ran into 
an engine and van, killing the driver and 
doing much injury. The train was fitted 
with the Clark and Webb brake, which 
could not be applied throughout by ‘the 
driver. The third accident took place on 
the 29th of October at Ordsal Lane. The 
7 P.M. passenger train, though fitted with 
the Clark and Webb brake, ran into a 
light engine. The train was only going 
at twenty miles an hour, and yet it ran 
200 yards in spite of every effort made 
to stop it. The fourth accident was a 
collision which took place near Willes- 
den, between a passenger train and a 
goods train. It wasa serious accident, 
eight passengers and five of the com- 
pany’s servants being injured. The pas- 
senger train was only moving at fifteen 
miles an hour, when the engine took a 
&@ wrong pair of points and ran into a 
train standing seventy-two yards from 
the points ina siding. In this case it 
seems that the brake did not act with 
sufficient promptitude. Had it been 
really efficient the train would not have 
run much more than one-third of the 
distance, The fifth accident took place 
at Duston, between Northampton and 
Blisworth, on the 7th of November; here 
again a passenger train ran into a goods 
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train. No continuous brake was in use.|on the 19th of the same month a letter 
A sixth accident, which occurrred on the | saying that “the directors were still 
9th of December, near Blaby, is very in-| sanguine that when all the appliances 
structive. The engine of a mixed goods are completed as they intend them to be, 
and passenger train broke away and the | the system they have adopted will com- 
train followed and ran into it. In this! ply with the required conditions.” The 
case no accident would have occurred! Board of Trade, however, has told the 
had the train been fitted with an auto-| company very plainly that it is “ unable 
matic brake, which would have at once | to entertain much hope that the expecta- 
gone on the moment the engine broke | tions of the directors will be realized,” 
away. and it has since specially called the at- 

It will be seen from these examples | tention of the company to every accident 
that a so-called continuous brake may | bearing on the value of the Clark & Webb 
prove a source of much danger. Sensi-| brake; but so far as the parliamentary 
ble people will say, why use such aj paper before us goes, it seems that the 
brake ? /company have taken no notice of these 

The Board of Trade has spared communications. Yet it may be taken for 
no pains to induce the London and granted, we think, that a system which 
North-Western Company to abandon an/cannot be made to work by so compe- 
arrangement which seems invariably to| tent an engineer as Mr. Webb, with all 
fail when it is most wanted. In reply to| the resources of Crewe to aid him, can 
an urgent letter on the subject, dated 1st | hardly be made to work at all, and should 
of October, the Board of Trade received | be abandoned forthwith. 





ON ‘THE CHEMISTRY OF STEEL. 
By WILLIAM BAKER, A. R.S M., F.C.S., F. Inst, Chem. 


From “Iron.” 


Tue facts which are known about factories, convince me that a much 
steel have hitherto been distributed on greater certainty in results would have 
the one hand amongst manufacturers, | been attained if these scattered observa- 
practical steel melters, and other work-|tions had been tested by comparison, 
men. But the facts have been of a cer-|and reviewed in a comprehensive man- 
tain kind for each of these observers, and | ner by a trained scientific mind. 
comparatively few persons have had the! It is not for me to say how far one is 
opportunity or the inclination to grasp justified in asking manufacturers to re- 
them all, and correlate them for future | veal the secrets which they suppose have 

uidance, even for practical purposes. |led them to success; and I imagine, if 

n the other hand, a different class of | any of you can buy a common iron, and 
facts have been known by chemists, such | make as good steel as your neighbor, 
as relate to the general properties of | who buys a higher-priced article, you 
matter and the special properties of iron | would prefer to keep the knowledge to 
and its compound, as far as they can be| yourselves. The economy of material 
studied in the laboratory, or by the occa-|and of money which would result from 
sional sight of some of the large metal-|the better knowledge obtained by an 
lurgical operations of the factories. opposite policy, would, however, bring 

The time, I hope, is passed when these | about the greatest benefit to the greatest 
observers of different classes of facts|number, and leave plenty of scope for 
were supposed to stand in some sort of | fair rivalry in commerce. 
opposition as men of theory and of prac-! I must premise that I am not ac- 
tice; but my observations of the numer- | quainted with ali the curious observa- 
ous unexplained difficulties occasionally | tions which may have been made in a 
occurring in the best conducted manu-|steel factory, and with which many of 
mm Vout. XVIIL—No, 4—24 
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ou are quite familiar; but my intention | fracture is largely granular, and possesses 
is to exhibit to you a chemist’s view of|a brilliant metallic luster. A section of 
the nature of steel, and to point out the|such iron, when highly polished and 
path for experiment and the probable etched for a microscopic object, is very 
extent of its track. characteristic. It exhibits a network of 
Characters of Pure Iron.—in order to irregular hexagonal forms, which may 
understand steel, we must begin by an|be at once recognized in all samples of 
examination of the properties of pure| wrought iron, whatever their source. 
iron, or at least of iron in the purest|The Bessemer iron, before the addition 
form attainable. | of spiegeleisen, exhibits the same pattern 
The method originally recommended ‘as a bar of wrought iron or a wrought 
by Berzelius to obtain pure iron from|iron axle, the only difference in the 
the wrought iron of commerce was to various samples being in the size of the 
fuse the filings with one-fifth of their) crystals. A slice from a Bessemer ingot 
weight of -pure peroxide of iron under a| still exhibits the same network of hexa- 
flux of glass free from metallic impuri-| gonal-shaped crystals, but possesses, be- 
ties. Percy did not find the product | sides, some harder portions, due to the 
thus obtained free from carbon. The! spiegeleisen, which strike across the 
specific gravity was 7.87 after hammer-| spaces like bright silver threads, and the 
ing. The fracture was largely crystal-| crystals themselves, seen by the light of 
line, greyish-white, and the metal was a parabolic reflector, have more distinct 
soft and malleable. Electro-deposited | prismatic colors. 
iron has been produced which did not It is easy to understand how a mass of 
harden when plunged red-hot into mer-|iron deprived of carbon, and having 
cury, and which dissolved in dilute acid | these large crystals developed, is deficient 
without the peculiar odor given off by in tenacity. The Bessemer ingot, how- 
every kind of commercial iron. These| ever, when hammered and rolled, has a 
results prove the absence of carbon, but very different appearance, and cannot 
do not exclude the presence of nitrogen, be distinguished from ordinary crucible 
which Iam disposed to think, from the steel. The nearest approach to pure 





physical characters of the metal, may iron we have on the large scale will be 


have been combined with the iron. The | found in the softest bar iron of com- 
specific gravity was 8.1393, and the|merce, and I will examine how this 
metal was susceptible of a high polish. (stage of manufacture is reached, and 
The investigation of the production of what elements may be expected to be 
pure iron, and an examination of its contained as impurities. 
properties, are well worthy the attention) Production of Steel from Cast Iron.— 
of chemists who have sufficient leisure;| Originally steel was produced, as it is to 
and I hope, if the British Association | this day in India and less civilized coun- 
meet in Sheffield, the members may be | tries, by working the bloom or mass of 
inclined to take up again the question, | iron reduced from rich ores in a charcoal- 
which has somehow dropped out of the|furnace under the blast. Afterwards 
proceedings after it had been entrusted cast iron was first made, and although 
to a committee for report. |Siemens has again introduced a direct 
Two observers, Meidinger and Kramer, | process of reduction from the ore, we 
agree in stating that about 1.5 per cent. | may consider that, practically, to make 
of nitrogen was found in precipitated | steel, we must start with cast iron. 
iron. Cast iron presents us with a metal con- 
I possess some iron containing nitro-| taining carbon as an essential constitu- 
gen, which I obtained by passing dry | ent, and the following elements besides 
ammonia over it at a red heat. It is a/as impurities:—Silicon, sulphur, phos- 
brittle steel-grey alloy, and contains 5.76| phorus and manganese. It may also 


per cent. of nitrogen, represented nearly 
by the formula, Fe,N. 

Iron crystallizes in the cubical system. 
Its structure may be studied in masses 
which have been submitted for a long 
time to a heat short of fusion. The 


‘contain copper and traces of cobalt, 
nickel and titanium. 

The art of the smelter consists in ad- 
justing the charge of the furnace in such 
a@ manner that when the iron is reduced 
it may have time during its descent in 
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the blast-furnace to absorb the desired 
quantity of carbon, whilst the other ele- 
ments, or at least the hurtful elements, 
such as sulphur and phosphorus, should 
be taken up by the slag or cinder. 

Iron absorbs carbon when heated in 
contact with it at a bright red heat. It 
will also take up carbon from pure car- 
bonic-oxide gas, and this, it must be re- 


membered, is the chief gas present in| 


the furnace. Accurate experiments are 
wanting as to the rate of absorption for 
varying temperature and pressure; but 
I have found that whereas at a moderate 
red heat carbonic oxide is decomposed if 
passed in excess over red-hot iron, when 
it is passed through the melted metal 


containing already about 1 per cent., no 


increase was observed at this far higher 
temperature. At the high temperature 
of the blast-furnace, silicon is also re- 
duced, and absorbed by the iron. A 
siliconized pig-iron is now a variety 
which is of great service in the Bessemer 
works for producing a “hot-blow;” and 
I have analyzed some grey pig-iron con- 
taining as much as six and seven per 
cent. Sulphur is an impurity which is 


not so much dreaded as formerly; as it 
is easy, by a proper addition of lime and 


by management of the furnace, to pre- 
vent more than a trace appearing in the 
pig-metal. 

This cannot be said of phosphorus, 
which is present in iron ores as phospho- 
ric acid. The process of smelting, as 
carried on in the blast-furnace, unfortu- 
nately effects the reduction of the acid, 
and practically the whole of this element 
is found in the iron produced. Manga- 
nese appears more or less in pig-iron, 
according to the amount of its oxide in 
the ore employed.. When a notable quan- 
tity is required in cast iron, as for spie- 
geleisen, the charge must be adjusted so 


as to allow for some of it being also. 


found in the slag. As a rule, when iron 
and manganese oxides are together, the 
whole of the iron oxide is reduced before 
the manganese; so that when a good 
fusible cinder is produced of the usual 


composition—silicate of lime and allumi- | 


na—it is common to find a proportion of 
manganese oxide replacing the lime. 


The traces of other metals occurring | 


Combination of Carbon and Iron.— 
The combination of carbon with iron is 
so extraordinary, and presents such un- 
explained facts, that I must dwell for a 
short time on this part of my subject. 
Starting with pure iron, it is found that 
the addition of a very small proportion, 
say 0.2 per cent., imparts the property 
of hardening slightly when heated and 
suddenly cooled. With increasing quan- 
tities of carbon this phenomenon be- 
comes more striking. With about 1.5 
per cent., steel, after hardening, acquires 
its maximum hardness with maximum 
tenacity. Beyond this quantity greater 
hardness is obtained, but there is a loss 


‘of tenacity and property of being 


welded. The maximum amount of car- 
bon which will combine with iron alone, 
has not been yet ascertained. When 
manganese is present, as in spiegeleisen, 
it may rise to a little above 5 per cent., 
but more frequently is slightly below 
this figure. 

We have, however, this remarkable 
fact to account for. Carbon exists com- 
bined chemically, and also in a free state, 
as in the form of graphite, and this dis- 
tinguishes white from grey iron. Chem- 
ical analysis affords proof of this fact, 
and solution of the iron in acid actually 
discloses scales of graphitoidal carbon. 

White iron, on the contrary, dissolves 
with scarcely a trace of carbon being 
left behind. “Gray iron has a higher 
melting point than white iron, and on 
fusing passes almost instantly from the 
solid to the liquid state when it is very 
fluid; whereas, white iron at lower tem- 
peratures becomes first soft and then 
pasty before melting” (Percy). 

These facts, to my mind, point to the 
presence of a definite carbide in white 
iron, which may be considered in solu- 
tion with the iron, and the pasty condi- 
tion is due to the fact that the iron 
solidifies before the carbide. The crys- 
tallization of white iron is quite distinct 
from iron alone. We have, then, to 
account for the higher melting point and 
quick solidification of grey pig iron, and 
I think, if we consider the fact of the 
specific heat of carbon being double 
that of iron, we have a key to the ex- 
planation. The melting point of iron 


in cast iron rarely affects steel, as they | per se is known to be very much higher 
disappear in the processes of manufac- | than iron containing carbon in combina- 


ture. 


tion, but when free carbon is dissolved 
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in the iron, the heat retained by it, by | and that at the end of the process, if the 
reason of its specific heat, may favor the| slag were still in contact, this element 
fusion. What conditions determine the | would again return to the iron. How- 
form in which carbon is found in iron,|ever, Mr. Bell has more accurately de- 
have not been altogether satisfactorily fined the conditions of its elimination in 
made out. We know that when bar) his paper read at the last meeting of the 
iron is heated in contact with charcoal, Iron and Steel Institute. 
as in the steel-converting furnaces, the If we turn to the Bessemer process, 
carbon enters, and is found in the eom- we find that, with somewhat different 
bined state. I examined some bars once | conditions, we have also to deal with an 
which had run from overheating in one essentially oxidizing reaction. The slag, 
of these furnaces, and wherever fusion | however, which is formed is not basic; 
had taken place the bar was no longer the oxidation is direct by means of the 
blister steel, but grey iron. The per-| oxygen of the air, and no phosphorus is 
centage of carbon was only a trifle eliminated. All the other substances 
higher in the grey portion. /may be removed most completely, silicon 
In some experiments I lately made, I first, carbon and manganese afterwards. 
assed chlorine, carbonic acid, and car-| We approach the production of fused 
soo oxide frequently though molten | wrought iron, and one reason we are not 
iron of the quality No. 3 Middles-| able to succeed in getting the metal into 
borough pig-iron. found it very diffi- | the ingot moulds appears to be the enor- 
cult to obtain the ingot in the form of; mous volume of carbonic-oxide gas 
Brey iron by the artifice of very slow | which it has absorbed. Another is the 
cooling. It is probable the presence of | sudden oxidation of the iron itself, 
phosphorus to the extent of one-half) which, following the order of affinities 
~ cent. had considerable influence in for oxygen at this high temperature, 
eeping the carbon chemically combined. | begins to burn when the last portions 
Silicon is also supposed to occur in the | of carbon are removed. 
phitoidal state in such varieties of} The addition of metallic manganese 
iron as No. 1 Bessemer pig, but in steel; has a wonderful effect in reducing the 
it is, without doubt, in chemical combi-| oxide and liberating the occluded gas, 
nation entirely. Sulphur and phosphorus | so that, without going to the extent of 
both render iron harder and more fusible. | oxidation which I have indicated, spie- 
Conversion of Cast Iron into Steel.-. | geleisen, or ferro-manganese, enables us 
Having reviewed thus shortly the most to obtain an ingot which may contain 
important facts connected with the pres-| only 0.25 per cent. of carbon; silicon, 
ence of these substances in cast iron, let | perhaps, to the amount of 0.1 per cent., 
us examine how far the pfocesses of con- | sulphur in traces, and, lastly, according 
version of pig-iron into steel effects|to the quality of the original pig-iron, 
their elimination. phosphorus from 0.01 to 0.05 per cent. 
The pig-iron is puddled to make bar| Going back, however, to the puddled 
iron. his process is essentially an bar iron, which has been washed in a 
oxidizing one. Silicon oxidizes first,| bath of slag, balled up and. hammered 
then, as the carbon is removed, sulphur| into bar, we have a tough metal, which 
and phosphorus are also oxidized and | is, however, not homogeneous, because 
pass into the slag. Only towards the |it has not been fluid during the last 
end of the process, when the heat is|stages of the operation. It contains 
much increased, the phosphorus is re-| portions of slag and oxide of iron be- 


tained by the powerful affinity iron has | sides the impurities in combination. It. 


for this element at +* temperatures. | is true the latter may be in very insig- 
Mr. Lowthian Bell has lately brought | nificant quantities. Silicon is often re- 
out this fact very prominently by a series | corded to the amount of 0.3 per cent.; 


of carefully executed experiments, to- 

ether with analyses, although it cannot 
& said that the behavior of phosphorus 
under the conditions were unknown. I 
mean, it was known that with an oxidiz- 





ing cinder, phosphorus could be removed, 


but, in many cases, this includes the 
silica due to intermixed slag. 

It is the oxide of carbon mechanically 
enclosed in the bar which produces the 
blisters on the converted bar. The 
regularity of the blisters show the work 
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When charcoal is used, I cannot see, 
as a chemist, that any appreciable 
amount of foreign matter, except the 
carbon, is in contact with the iron, and 
charcoal at a full red heat. The atmo- | precisely the same quantity of steel 
sphere of the cementing pot is undoubt-|ought to be produced as when blister 
edly chiefly carbonic oxide. Hydro-car-| steel is melted. 
bons retained in the charcoal, and possi-| Spiegeleisen does, however, introduce 
bly cyanogen, with atmospheric nitrogen, |manganese, traces of sulphur and phos- 
may also be present. Whatever may be phorus, and not unfrequently copper, 
the value of the last-named gas for con-| which may all alter the constitution of 
version of iron into steel, I can affirm | the steel. 
confidently that pure carbonic-oxide gas|) Again, the comparisons should be 
alone, without actual contact with char-| made with the same temper, and the 
coal, is all-sufficient for the purpose. |ingots tested by a machine using exactly 

Of the impurities, silicon, manganese similar dimensions of each kind of steel, 
and phosphorus remain, whilst sulphur as in the well-known experiments of 
is slightly diminished in its proportion. | Kirkaldy. There is an excellent report 
The charge itself, gaining in weight by |on the mechanical properties of steel in 
the operation, will of course exhibit a|the British Association Report of 1867, 
slight diminution in percentage composi-| by Fairbairn, which would be doubled 
tion of silicon, phosphorus and manga-|in value if a chemical analysis of each 


which has been put upon the metal in ball- 
ing up and treatment under the hammer. 

will now follow the bar to the con- 
verting furnace, where it is heated with 


nese. 
The iron has now acquired the desired 
proportion of carbon; let us examine 


what changes can take place in melting | p 
may be slightly | 


the same. _ Silicon 


diminished by oxidation. Sulphur, if 


existing in any appreciable proportion, is 


also diminished if manganese be added, 
as is usually the case. Phosphorus re- 
mains untouched. Silicon may some- 
times be increased in mild steel, which 
requires a high temperature for fusion in 
consequence of the reducing action of 
carbon in the pot upon the silica in the 
clay. 

But bar iron may be melted with 
charcoal direct, or with spiegeleisen, in 
order to produce cast steel, and certain 
differences of character are alleged to be 
discovered in the products of these three 
operations wher the same bar iron has 
been employed. 


Now, with all respect to the observers, | 


who, I am sure, have founded their 
opinions upon practical results, I ven- 
ture to suggest that the observations and 
experiments to determine these differ- 
ences have not been put into the scien- 
tific form which will alone educe the 
truth. A scientific method would first 
establish identity of chemical constitu- 


tion, and next, the mechanical tests | 


should be rigidly the same, and of such 
a character as to be independent of 
opinion and capable of being recorded in 
figures. 


specimen had been recorded. Even now 
‘it is quite possible that some typical 
samples might be recovered for this pur- 
| pose. 
Steel Melting.—Any one who has cast 
‘leaden bullets knows that when the lead 
is hot and the mould has got hot too, 
the bullet is piped. It is so with steel. 
_Well-melted steel pipes, and any sub- 
stance which confers fusibility to steel, 
like ferromanganese, tends to make it 
pipe. 

The carbonic oxide which is absorbed 
‘by melted steel produces an opposite 
effect; the steel rises in the mould, and 
is full of “ honeycombs” or gas bubbles. 
The proportion of this occluded gas and 
its relation to different qualities of steel, 
‘or different lehavior in “teeming,” 
have not yet been properly worked at, 
and in my opinion are well worthy of in- 
| vestigation. 
In what manner the physical charac- 
‘ters of steel are influenced by the time 
'and the temperature of melting, and by 
| the interval between the pulling out and 
the teeming into the moulds, are sub- 
'jects which require definition and some 
|accurate measurement before we can 
‘reconcile some of the statements made 
by men of undoubted experience. 
Perhaps the instrument. of research 
which is most needed is a good pyro- 
'meter, and I think it is not improbable 
'that some spectrum observations may 
‘lead to the discovery of a useful guide to 
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the measurement of high temperatures. | containing as much as 0.3 per cent. of 
The compression of steel whilst in the| phosphorus. 

asty state before complete solidification, It is also established that a good 
as, in Sir Joseph Whitworth’s hands,| wrought iron may contain as much as 
produced ingots remarkably free from 0.2 per cent. of phosphorus, whereas the 
the honeycombed structure caused by| attempts to make tool steel of such a 
bubbles of gas. The difficulties in Moe pornricn © would be a failure. In fact, 
tice seem to me to be in dead-melting | phosphorus cannot be admitted when 


the steel in the first place, and then, | carbon is present in the proportion which 
properties of hardening and 


after removal from the furnace, choosing | confers the 
the period when it will pour without | tempering. 
piping. | Time will not permit me to enter fully 
The grand point aimed at by all steel | into the effects of other materials which 
melters is to obtain tough steel, and they | are likely to be used methodically in the 
mean by this, I presume, a steel hard | production of certain kinds of cast steel, 
enough for the purpose required, with a|such as wolfram or tungsten, chromium 
maximum tenacity. At Jeast,more than| and titanium. Generally it may be 
that is not possible; for toughness and | said that they produce greater hardness 
hardness are really opposite qualities, | and closeness of grain, but none appears 
and the utmost that can be attained is a/| to play the part of carbon in conferring 
suitable relation between these proper- the property of hardening and temper- 
ties for a given purpose. ing. 
It is certain that the purest steel is the | This intesesting phenemenca beleng- 
P 1 S the! ing to ordinary steel has not been 
toughest. Absence of silicon, sulphur | thoroughly investigated, and the in- 
and phosphorus are, at all events, essen-| guence of the occluded gases I think 
tial for = best results. It is y et to be | may furnish a new field of observation. 
proved whether a small proportion of} 7 have thus reviewed the present state 


metallic manganese imparts more tena-| ‘ome 
: : stry of 
city to steel; but there is some ground of our Cooutntge of Ce Cuaietry 


A ; . steel without quoting authorities whose 
to believe that it does. I think I am opinions I adh. zane. carefully studied 
right in stating that it confers the pro-| ang compared with my own observations. 
perty of standing repeated heating, | The subject demands a leisure which I 
which is known as “ body ” in steel. have long looked for in vain, whilst 

Besides carbon, we know that the 


| engaged in the daily work of my labora- 
three elements, silicon, sulphur and|tory. What I have done in practical 


hosphorus, singly or all together, will! experiments convinces me that a much 
Soolen steel. The experiments made by greater certainty would accompany the 
the Terre Noire Company show that! operation of making steel if some of the 
when the carbon is replaced by phospho- questions I have indicated were decided 
rus, and the former is not more than 0.2| by a well-conducted and scientific re- 
‘per cent., a serviceable rail can be made, | search. 








STEEL MARINE BOILERS. 
From “‘ The Engineer.” 


smaller in scantling than would be ad- 
missible if similar boilers were made of 
iron. Lloyd’s have already sanctioned 


Ir will be seen from a report which we 
ublish on another page, that Mr. W. 
arker, chief engineer surveyor, and Mr. 


James Milton, engineer surveyor, to 
Lloyd’s, advise that society to permit in 
future the use of steel boilers, the shells 
and stays of which may be made 25 per 
cent., and the flat plates 12 per cent., 


the use of steel in shipbuilding, and the 
adoption of the report of Messrs. Parker 
and Milton will constitute another step 
in advance. It will be seen, however, 
that steel is only to be used under cer- 
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tain stringent regulations as regards the| 
tests to which the plates are to be sub- 
jected ; and it is not too much to say 
that it is only within a very recent period | 
that it became possible to obtain steel | 
with anything like certainty, and at a/| 
reasonable price, which would meet the} 
demands thus made on it. <A very elab- 
orate inquiry has been conducted by Mr. 
Parker, and the result is that steel capa- 
ble of standing a tensile strain of 28 tons 
to the inch, and elongating 20 per cent. | 
before fracture, can now be obtained; and | 
it is this really wonderful metal that steel 
boilers are to be made of. It is evident 
that nothing would have been gained by 
sanctioning the use of steel of a quality 
which could not be had; and we feel | 
certain that gentlemen so careful and | 
competent as Mr. Parker and Mr. Milton | 
would not have introduced the stipula- | 
tions laid down in their report had they | 
not been convinced by practical tis 
ence that a metal existed which would | 
comply with them. This metal is now | 
made by at least three great firms, and 
it is worth notice that it can be obtained 
at a reasonable price—the quotations for 
boiler plates lin. thick ranging from £15 
to £21 per ton, with different makers. 
But even this excellent metal requires 
very careful handling, and on this point 
a few words may not be out of place 
here. Those who attempt to make a 
steel boiler as they have made iron boil- 
ers, will soon find out to their cost that 
steel is a very different metal indeed 
from iron. 

In the first place, holes in steel boiler 
seams should always be drilled. When 
steel plates are punched they lose from 
26 to 33 per cent. of their strength. A 

aper was read by Mr. Sharp before the 

nstitution of Naval Architects in 1868, 
in which the author gave as the result of 
his experience a loss of 33 per cent. Mr. 
Kirk, in a paper read before the same 
body in 1877, gave similar figures; so 
that it will be seen that the improve- 
ments effected in the mode of manufac- 
turing steel during nine years have left 
this point quite untouched. Mr. Webb, 
of Crewe, states that the loss of strength 
is but 26 per cent.; but Mr. Webb in 
———s steel uses a die-block with a 

ole much larger than the punch, and the 
holes produced are conical with the large 
side down. The investigations of Mr. 








Parker fully confirm the teachings of 
past experience, and a material which is 
apparently almost as ductile and “kind” 
as lead, no doubt-loses about one-third of 
its strength when punched. This is a 
eurious fact well worth proper investiga- 
tion. All sorts of other defects in steel 
appear to be curable, but this has hith- 
erto remained unaffected by any change 
in the process of manufacture. It has 
been shown, however, that the plate may 
be restored after punching to nearly if 
not quite its full strength by annealing. 
The word is not happily used in this case, 
the plates not being annealed at all in 
the true sense of the term, but simply 
reheated. It is a mistake to assume that 
if they are not cooled down slowly after 
heating they must become brittle. The 
plate might be thrown into cold water 
when red-hot without injury, provided it 
could all be cooled down at once. A 
prolonged process of cooling is required 
only because if the work is hastened 
some portions of the plate may be cooled 
more quickly than others, and the valué 
of the so-called annealing process will be 
lost. It was hardly known until now 
that steel plates suffer most as much from 
shearing as from punching, and that sim- 
ilar precautions must be taken to restore 
the strength of the material. It appears, 
however, that notwithstanding these 
drawbacks, if the advice given in the re- 
port be followed, especially as regards 
flanging plates, steel may be worked into 
boilers with the certainty that a good 
result will be obtained. 

As regards the proportioris to be given 
to the riveted joints of*steel boilers, 
Messrs. Parker and Milton do not speak 
positively. We may say that experi- 
ments are still in progress to decide this 
point, and that for the present it is con- 
sidered best that for each boiler to be 
constructed a direct experiment shall be 
carried out to ascertain the proper pro- 
portions. Enough is known, however, to 
show that the proportions used with iron 
will not do with steel. The metal is so 
soft that it cripples or puckers up behind 
the rivets, which can’t in the plates. The 
holes become oval and the seams leak 
long before anything nearly approaching 
the bursting pressure is obtained. Excel- 
lent results have been got with a double 
chain riveted joint, the plates being tin. 
thick, and the rivets 1/;in. thick, pitched 
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4in. apart. This joint had a strength of 
74 per cent. that of the plate. But we 
do not put these forward as the propor- 
tions which ought to be always adopted. 
No trials have been made, we believe, 
with oval rivets, the value of which 
might be worth — 

o doubt many of our readers will 
ask what can be gained by substituting 
a material so peculiar, and requiring such 
careful manipulation, for iron. The re- 
ply is, that on the whole a steel boiler 
will cost less money than an iron boiler 
of the same power. It is very rarely 
that anything better than B B iron is 
used for the shells of marine boilers. 


This is good for from 18 to 21 tons per net read a paper entitled “ Where is Petroleum 


square inch, 19 tons may be taken as 
almost the average. If we substitute 
for it a metal which will bear 26 tons, a 
corresponding reduction can be made in 
weight, or an increase can be made in 
pressure. It must not be forgotten that 
the consideration with which steel must 
be treated when being worked into a 
boiler is, after all, not costly. The re- 
heating plant is very simple; and the 
operation of flanging can be readily 
effected en masse, instead of a few inches 
at a time, if proper cast iron blocks are 
provided, The marine boiler makers of 
Great Britain might learn something 
concerning the flanging of steel from 
Messrs. Garrett, of Leiston, who have 
long used Piedbeeuf’s machinery for this 
purpose, with great success. Once a 
steel boiler is made, the risk of injury to 
the plates appears to be over, and, so far 
as can be learned, something is obtained, 
which is stronger, lighter, and more 
durable than any iron boiler. The only 
thing to be feared is pitting and corro- 
sion, and on this point it is impossible to 
say much with certainty, as the number 
of steel boilers which have been at work 
for any time at sea is extremely limited. 
We have reason to believe that the 
moment Lloyd’s sanction the use of steel 
boilers, a considerable number will be 
made. Many shipowners want to carry 
pressures of 120 lbs. in boilers 12 feet 
and 13 feet in diameter, and it is found 
that iron plates 1} inch thick cannot be 
made tight, or kept tight at the joints; 
that they are very expensive to work up, 
and that the quality of such plates is by 
no means all that could be desired. As 


carried at sea, if steel be substituted for 
iron, instead of reducing the scantlings 
25 per cent., the pressure may be in- 
creased 33 per cent., and 90 lbs. steam 
might thus become 120 lbs., or even 3 
little more, for it is by no means im- 
possible that the factor of safety in the 
steel boiler may yet be reduced below 
the six to one limit now insisted upon by 
Lloyd’s rules. 


——_-+e—_——__ 
REPORTS OF ENGINEERING SOCIETIES. 


eee, CLUB OF PHILADELPHIA.—At a& 

meeting of the Ciub, held February 16th, 
twenty members were present, and ten new 
members were elected. Mr. Chas. A. Ashbur- 


found ?” After noticing some of the many 
points of interest concerning our petroleum in- 
dustry, which have been brought before the 
public during the recent ‘‘pipe line” discus- 
sions, the author gave a general sketch of the 
various ‘‘Oil bearing sands,” giving the geo- 
logical position and character, and the quantity 
and quality of petroleum which they at present 
produce. The oil regions of Pennsylvania 
were divided into three districts, viz.: the 
Southwestern, South of the Ohio River and 
West of the Monongahela River; the Western, 
along the Allegheny River and tributaries be- 
tween Pittsburgh on the South, and P. & E.R.R. 
on the North; and the Northern District, North 
of the P. & E. R. R. extending into New York 
State. 

In Pennsylvania, three thousand feet of the 
rocks of the Carboniferous and Devonian ages 
have been found to contain mineral oil. he 
highest producing sand occurs in Washington 
Co., 165 feet below the Pittsburgh coal seam, 
the lowest in McKean Co., 3,200 feet below 
the geological position of the same coal bed. 
The Bradford oil, in McKean Co., comes from 
a horizon 400 feet above the lowest. 

On a basis of a daily production of 40,000 
barrels,each of the nine different sands in which 
oil is found was given its respective production. 

In speaking of the percentage of risk which 
the producer experiences in obtaining dry holes, 
the South-Western district was stated to be the 
most treacherous, and the Northern the safest, 
for in the latter the proportion of dry holes is 
only three wells in every hundred. 

Specimens of the ‘‘sands” and crude oils 
were exhibited and formed an interesting feat- 
ure of the paper. 

Mr. Geo. H. Christian, Jr., followed with a 
paper on the ‘‘ Lowe Gas Process,” which was 
illustrated by a large sectional drawing, and a 
view of the new gas works at Lancaster, Pa. 
Mr. Christian gave a full and interesting de- 
scription of the plant in one of the works of 
the American Water Gas Co. 

The various chemical changes which take 
place in the course of manufacture were noted 
and the cost of manufacture, wear and tear of 





pressures as great as 90 lbs, are already | 


plant, &c., were given. The advantages pos- 
sessed by gas made under this process were 
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clearly shown, and the reasons why this supe- 
rior and economical gas has not been intro- 
duced into our city were stated to be entirely 
of a political nature. 

At a meeting of the Club, held March 2d, 
twenty two members were present. Mr. Ru- 
dolph Hering read an interesting paper on ‘‘ The 
Sewerage of Philadelphia.” This is a subject 
which is all important to the welfare and 
health of the city, and one which has received 
close and careful study from the author. An 
abstract of this paper will be given in our next 
issue. 

A paper on the ‘‘South Street Bridge,” by 
Prof. L. M. Haupt was read. Estimates of the 


pressure on the piles, forming the foundations | 


for the piers in the Western approach, had 


been calculated from data obtained from draw- | 
Prof. | 


ings in the office of the City Engineer. 
Haupt thought that as the piles were driven 


through or into soft mud, which is inundated | 


at every tide, the pressure placed upon them 
was in excess of their bearing power in such 
soil, and the cause of the fall of the structure. 

This paper brought out very general discus- 
sion. 

Mr. Geo. Burnham, Jr. gave a general de- 
scription of the masonry work of the bridge 
and presented a plan which might Lave been 
used to save part of the structure. At the sec- 
ond pier east of the Pennsylvania R. R. the 
piles were driven through 15 feet of mud to a 
bed of gravel. Only the north end of this pier 
sank, the south end remaining firm. Mr. 
Stauffer stated that at the railroad abutment 
the gravel bed was within a foot of the surface; 
it seemed to have a regularly sloping surface 
toward tbe river, where the piles were driven 
through 45 feet of mud before reaching 1t. 
Piles were all driven with a 2,000 lb. hammer, 
and received, as a final test, four blows from 
the hammer with 36 feet fall, when ore inch 
downward motion was the maximum allowable 
for each blow. 

The cause of the failing of the pier is not 
known and cannot be definitely stated until the 
rough examinations have been made. The fact 
that within twenty-four hours of the final crash 
there was not a vertical crack in the masonry, 
though the pier was sinking to the north, 
— that the grillage must have been per- 
ect. 

The estimated load on the piles under the 
pier was 2,000 tons, amounting to 23 tons on 
each pile. According to Rankine, the piles 
were good for 8 tons frictional value, leaving 
15 tons on the toe of the pile. The tremor pro- 
duced in the piles by travel on the bridge 
would loosen them sufficiently to allow the 
percolation of water down their sides and 
finally throw the whole weight on the toes of 
the piles. If the bed of gravel was merely a 
thin bed or pocket the water probably softened 
it allowing a bunch of piles at the north end of 
the pier to drop through to the mud. 

Mr. Hering did not think the removai of the 
roadway above the sinking pier was a disad- 
vantage; Mr. Stauffer held that every block of 
coping, paving, etc., which was jammed in the 
invert arch in the roadway caused by the sink- 
ing of the pier, helped to convey weight to the 


sound piers on either side, and that their re- 
moval threw the additional weight on the fail- 
ing pier. An expenditure of $500 in placing 
the rods across the arches through the skew 
backs would have saved seven out of the nine 
arches. If time had allowed to put in centres, 
as was proposed, they would not have been of 
much value without these tie rods. 

The discussion of the South Street Bridge 
was mide thé special order for the next meet- 
ing. 


IVIL AND MECHANICAL ENGINEERS’ SOCIETY. 
J) —At a late meeting of the society a paper 
‘‘On Chimney Shafts” was read by Mr. R. M. 





Bancroft, past president of the society. After 
drawing attention to the wide difference of 
opinion between various authorities who have 
written on the subject, especially with regard 
to parallel and taper flues, and whether chim- 
neys should have a regular batter or outline 
| similar to the theoretical diminution of col- 
umns, which it is said should have a slight 
| swell in the center of its length, the author 
| proceeded to describe upwards of forty chim- 
neys of which the different owners and design- 
ers had supplied him with particulars. These 
he had tabulated, to show, at a glance,height, 
thickness of wall, proportions of diameter to 
height, weight, cost, time of building, &c.; 
and drew attention to the designs of caps, and 
in one case noted where a cap had cost £700 in 
repairs and removal after the stack had been 
completed. Mr. Bancroft then drew attention to 
the difficulties in straightening chimneys when 
out of the perpendicular, and mentioned several 
successful cases where this had been done. 


T a late meeting of the Edinburgh and 
Leith Engineers’ Society, a paper was 
read by Mr. Alexander Leslie, Member Inst. 
C.E., on “The Liability of Reservoir Em- 


bankments to Failure.” After stating that 
| great care should be taken to have the base of 
the embankment on perfectly solid ground, 
the writer went on to describe the construc- 
tion of the puddle wall and trench, pointing 
out the sources of failure which are apt to 
occur, and giving examples from his own ob- 
servations of a very great number of embank- 
ments. He mentioned that no wood used in 
the construction of the puddle trench must be 
left in, as the water is sure to creep along the 
smooth surface between it and the puddle, 
and so, in time, cause serious injury. He also 
stated that the practice of using wagons and 
rails for tipping the materials of the embank- 
ment cannot be too strongly condemned, as 
loose stones are sure to find their way to the 
bottom, and make there a more or less porous 
layer. After describing the method of pitch- 
ing the surface, and also of constructing the 
waste weir and channel, Mr. Leslie gave in- 
stances of very destructive failures, such as 
the Dale Dyke and Holm Firth reservoirs, 
and discussed the causes of them. On speak- 
ing of the drawing-off pipes, it was stated that 
every caution should be taken to prevent any 
water from creeping along the surface of the 
pipe, as, sooner or later, serious leakage would, 
result, 
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IVERPOOL ENGINEERING Socrety.—At the condition that the material have an ultimate 
meeting of this society, held on Wednesday tensile strength of not less than 26, and not 
evening, January 30, Mr. Arthur J. Maginnis | more than 30 tons per square inch of section: 
read an instructive and interesting paper on/|that a strip cut from every plate be tested; 
‘Atlantic Lines and Steamships.” The author, | that the holes be drilled, or if punched, the 
in the early part of the paper, gave a short! plates be afterward annealed; that all plates, 
review of all the important companies and | except those in compression, that are dished or 
vessels which have been engaged in the At-| flanged, be afterwards annealed; and that the 
lantic trade since 1840, in which year the first | boilers be tested to not less than twice their 
Cunard  aronany 3 sailed. After detailing the | working pressure. 
various schemes, more or less successful, which | 
have from time to time been tried for reduc- | g ooo ~ a ae a } ayeanney 
ing the passage between Europe and America, | ts whl h took place at Portsmouth shortl 
’ Mr. Maginnis drew attention to some of the | em Chrletuann vith the view of poten 
more important improvements, considered | ion the power of resistance of steel and com- 
from an engineering point of view, introduced | posite (steel and iron) plates, two plates, man- 


| 





in the vessels of the White Star and other lines. | | eo ctured by Messrs. John Brown & Co., the 


Among these may be mentioned direct acting 
compound engines; and in the hull of the 
vessel itself, the proportions of length and 
breadth are increased, and the bulkheads 
carried up 16 feet above the load line. The 
advantage of these improvements may be es- 
timated from the fact that while the speed of 
Atlantic steamers has increased from 8.3 knots 
to 15.6 knots, the consumption of coal, per in- 
dicated horse power, has decreased from 4.7 
cwt, and the consumption of coal per ton of 
cargo delivered has decreased from 48.35 cwt. 
to 44.5 cwt. The paper included some instruct- 
ive tables carefully compiled from official 
sources, 
——— o@ie ee 


IRON AND STEEL NOTES. 


ee oF Iron AT DIFFERENT TEMPERA- 

TURES.—G. Pisati and G. Saporito-Ricca 
find that the strength of iron at different tem- 
peratures shows peculiar irregularities. The 


Atlas Works, Sheffield (Ellis’s patent), were on 
| Wednesday subjected to the same test on board 
‘the Nettle, target ship of Her Majesty’s ship 
| Hecellent, in Porchester Creek, at the upper 
| part of Portsmouth Harbor. On the former 

occasion the experiments were made with four 
| plates, three supplied by Messrs. Cammell & Co, 

and the other by Sir Joseph Whitworth. The 
plates operated upon on Wednesday were re- 
spectively 7 feet 9 inches by 6 feet 8 inches, 
|and 7 feet 6 inches by 6 feet 6 inche&, and 9 
‘inches in thickness. Three shots were fired at 
| each plate from a 12-ton 9-inch muzzle-loading 
| rifle gun, at a distance of 30 feet, the charges 
| being 50 pounds of battering pebble powder, 
| and the projectile called chilled Palliser shots 
| 250 pounds in weight. The three shots fired 
|at the first plate each penetrated about 10 
| inches, and created more than a dozen deep fis- 
| sures, some penetrating through the . be- 
| sides superficial cracks. On the second plate be- 
| ing fired at, the penetration of the first and sec- 


strength in a wire which is exposed to a dull-| ond shots was about 9 inches; the third shot 
red heat diminishes, with increase of tempera-| proved most damaging, the left section of the 
ture, from 14° to 50°, then increases to 90°, | plate being carried away, and falling with a 
peg Ray es! to 120°, remains constant | crash on the floor of the floor of the battery. 
0) A ¥ - 

anks Wowty to 208 , then comes s sud. | INE STEEL Castinas —A patent has been 


den increase, which is followed by a gradual | : 
diminution. The strength is greater ‘at 300° | poceaiay teen ou Ney See. A. 2. ullle, of 


than at 140°.—Dingler’s Journal. 


a BorLers.—The report of Mr. William 
Parker and Mr. James Milton, Chief-En- 
ineer-Surveyor, and Engineer of Lloyd’s, on 

eel Boilers, is an important and carefully- 
prepared document. After careful enumeration 
of the experiments made, and the evidence col- 
lected, the conclusion is arrived at that, ‘‘in 
the construction of steel boilers, greater care 
and attention must be exercised with the work- 
manship than is required in the case of iron 
boilers;” that, although the corrosion of the 
steel boilers examined is excessive, they may, 

“‘if made with the care that this material re- 

quires,” eventually prove as durable as iron 


| the Pittsburg Agricultural Works, in favour of 
|a process for making irregular-shaped castings, 
such as plough-shares, out of fine tool steel, of 
any desired percentage of carbon, without an- 
nealing, as in the ordinary ‘‘stcel casting” 
processes. In the ordinary method of making 
| steel castings, it is necessarv for the steel to be 
very high in carbon, in order to be fluid enough 
when melted to run into a fine casting, and the 
excess of carbon is removed after the casting 
is made by a process of annealing which re- 
quires from ten totwenty days. By Mr. Nellis’s 
| method of making castings, low carbon steel, 

or ordinary tool steel, may be employed if 
| desired. The mould in which the casting is 
| formed is impregnated with combustible ma- 





boilers, and, that it will be a question whether | terials, which takes fire the instant that the 
a considerable reduction in the factor of safety | melted steel comes in contact with the mould. 
may not be found compatible with perfect | An intense heat appears to be generated, which 
safety and efficiency. It is therefore recommend. | retains the steel in a perfectly fluid condition 
ed that a reduction from the scantlings prescrib- | till it reaches the smallest corners of the mould, 
ed by the rules for iron boilers be made in the | and an agitation is caused by which all air and 
shell plates and stays to the extent of 25 per | confined gases are allowed to escape from the 
cent,; and in the flat plates not subject to the | metal, thereby making the casting free from 
action of heat, to the extent of 12 per cent., on | blowholes, One theory of the action of this 





G@ee £..008 Ga mle Ote oe ot 4 bi tte A oe obs 


RAILWAY NOTES. 


379 





process is that the combustion of the materials 
with which the sand is impregnated consumes 
all the oxygen of the air within the mould, | 
and that the remaining gases have no “‘affinity” | 
for the steel. The plough-shares made by | 
this process can be forged into any shape re- | 
quired by an ordinary blacksmith, or after it is | 
entirely worn out he may draw it down) 
into tools and cutlery. If the new pro-| 
cess succeeds as well as it promises to do, we | 
may soon see steel castings largely used instead | 
of wrought iron or steel forgings for all diffi- 
cult shapes. Mr. Nellis also has a patent on 
the mould used for his steel castings, which ob- 


viates the trouble experienced with iron moulds, | 


of the melted steel adhering to them on all 
sides, and causing shrinkage cracks, and has 
all the advantage which iron moulds possess 
of durability and permanence of form. ‘The 
moulds are made chiefly of iron, but with in- 
serted sections of sand. These sections do 
not adhere to the casting, and shrinkage can 
take place without hindrance, avoiding cracks 
or internal strains.—American Manufacturer. 


-_ 
RAILWAY NOTES. 


tbe directors of the London, Brighton, and 
South Coast Railway Company have for 
some time past had under consideration the 
uestion of break power for their trains. 
everal kinds of patent breaks have been ex- 
2 peor tried on the Brighton Railway, 
and particulars have also been obtained by the 
general manager and locomotive superintend- | 
ent of that line of the various patent brakes 
at work both in this country and abroad, and, 
guided by general information and practical 
results of this kind, the directors have de- 
cided upon adopting the Westinghouse auto- 
matic brake for the passenger trains upon the 
Brighton system. Accordingly, an initiative 
order has been given by the Brighton Com- 
pany for the fitting up of fifty engines and 500 
carriages with the Westinghouse brake appa- 
ratus. In the course of a few weeks, therefore 
several of the London and Brighton express 
trains will be equipped with this efficient con- 
tinuous break. In selecting the Westinghouse 
break the Brighton directors are of opinion 
that they will obtain for their passenger trains 
a continuous brake which will comply in all 
respects with the conditions laid down by the 
Board of Trade authorities. It should be men- 
tioned also that the Brighton Company have 
for some time past had a large number of their 
engines fitted up with an efficient steam break 
designed by their locomotive superintendent, 
Mr. Stroudly. The Western Railway of 
Franc: Company, with whom the Brighton 
Company have working arrangements for the 
through traffic between London and Paris by 
the Dieppe route, have likewise decided upon 
introducing the Westinghouse automatic brake 
in their trains between Dieppe and Paris, and 
other parts of their line. 


T was stated in the course of a recent de- 
bate in the Prussian Lower House that at the 





— time nearly half the railways in the 
ingdom are the property of the State, or 


under Government management. There are 
10,625 miles of railway in Prussia, of which 
5500 miles belong to private companies, while 
2937 miles belong to the State, and 2188 are 
worked by Government. Three years ago the 
respective proportions were 4509 miles belong- 
ing to private companies, 2522 miles belonging 
to the State, and 1542 worked by it. Thus 
there is an increasing tendency upon the part 
of the State to acquire the private lines, and 
the reform of the traffic which the Govern- 
ment has decided upon with regard to its own 
lines, but which the private companies are 
unwilling to accept, is expected to lead toa 
struggle which will probably end to the dis- 
advantage of the latter. The struggle is not 
confined within the frontiers of Prussia, for 
its policy with regard to the railways concerns 
the whole German system, as there is a great 
competition between the Prussian main lines 
worked by the State and the parallel lines in 
other parts of the empire. Durifg the same 
debate the Minister of Commerce, questioned 
as to the policy of his Government, said that 
he was not in favor of the absolute system of 
State railways: ‘‘The Government merely 


| wishes to acquire, by possession of some lines 


of its own, the power of exercising a regulating 
influence over the whole railway system. This 
is why we have sought to gain possession 


| of the lines which had almost a monopoly of 


traffic, and we cannot see how such a step can 
have created any alarm among railway share- 
holders at large.” 


TT report of the Ministerial Department of 
Crown Lands and Public Works at the Cape 


has recently been published, showing, among 
other information, the progress made in rail- 


ways during the past year. A total of 141} 
miles are now open for the public traffic in the 
colony, consisting of fifty eight miles of the 
main line from Capetown to Wellington, sixty- 
four miles of the Ceres-road and Worcester 
Railway, six miles of the Wynberg branch line 
and thirteen and a-quarter miles of loop line 
from D’Urban road to Moulders Vley. The 
total capital expenditure on the open railways 
of the Western system to December 31st, 1876 
was £1,259,313. During the year 620513 
passengers were carried (irrespective of season- 
ticket holders), against 581,349 in 1875, the 
average fare being 1s. 7d. against 1s. 4d. in 
1875. A.total of 97,206 tons of goods were 
carried, against 89 521 tons in 1875, the aver- 
age charge per ton being 13s. 03d. in 1875 
against 12s, 94d. in 1876. A total of 279,737 
miles were run during the year, at a cost of 
5s. 1d. per train mile, as compared with 5s. 74d. 
in 1875, and 6s. 24d. in 1874. No fatal acci- 
dents occured to any passengers. The report 
of the eastern district shows that at the end of 
1876 a total of sixty-seven miles of railway 
were open severally between Port Elizabeth 
and Sand Fiats, and between Zwaartkops 
Junction and Uitenharge. The working ex- 
penses of these lines averaged nearly 6s, 34d. 
per train mile, but as yet, owing to the limited 
lengths open for traffic, the railway has 
hitherto been unable to compete with the ox- 
wagon. A line is also in process of construc- 
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tion between East London and King William’s 
Town, a distance of ninety miles, at a cost up 
to the present time of £305,923. A total of 
from 1300 to 2500 men have been employed on 
this line, of which from 800 to 1 were 
natives, 103 artisans. and seventy-two navvies 
who had been imported from Europe in 1876, 
making a total of 587 men of these classes en- 
gaged since the commencement of the work. A 
total length of fifty-six miles is now opened for 
passenger traffic in this district.—Hngineer. 


—- -— e@de —-- 


ENGINEERING STRUCTURES. 


HE East River Bripee.—At a meeting of 
the trustees on the 4th of March, Chief 
Engineer W. A. Roebling reported upon a 
method of passenger transit, showing that the 
original plan of the Bridge contemplated three 
sidewalks, two railroad tracks, and two single 
wagon track8. The great exposure to the 
weather and the great length of the bridge, 
however, caused the Chief Engineer to decide 
that three sidewalks were unnecessary; two 
were accordingly abolished, and by widening 
the whole bridge five feet, two more wagon 
tracks were added, so that the bridge will have 
two double tracks, each eighteen feet and seven 
inches in width, for vehicles; two railroad 
tracks, each thirteen feet in width; and, a cen- 
tral promenade for pedestrians, also thirteen 
feet in width. 

The railroad trains will be attached to an 
endless wire rope, to be propelled by a station- 
ary engine on the Brooklyn side. It was esti- 
mated by the late John A. Roebling that a 
speed of twenty miles an hour, which could be 
increased to thirty or even forty miles, would 
be perfectly safe. The cars will be fifty feet 
in length, and capable of seating 100 persons 
comfortably. The doors will be on the sides. 
Passengers will pay their fares at a toll house 
before entering the cars, The cars are to be 
built of iron and steel. No ficoring is to be 
laid under the tracks, in order to prevent ob- 
struction from snow, but there will be an iron 
frating to prevent persons from falling through. 

he stretching of the cables is being steadily 
prosecuted, and the great revolving wheels, 
which pay out the wires two at a time, are the 
daily objects of attraction to the numerous 
passengers by the ferry boats. 


= Boriprne.—An iron structure has just 
been erected. for the Youngstown Rolling 
Mill Company, at Youngstown, O. The com 
pany determined to replace their rolling mill 
with a building of iron, and plans and bids 
were tendered by several prominent firms. 
The plans and specifications furnished b 

Mr. Alexander E. Brown, C.E., of Cleveland, 
were approved, and a contract made with him 
for the structure throughout and complete. 
The finishing work was done, and the building 
turned over to the owners on the last day of 
December, and was accepted as in every re- 
spect satisfactory. Practical mill men, pro- 
nounce it one of the best, if not the very best 
building of the kind in the Western country, 
and give much credit to the young contractor 








for the excellence of the design and workman- 


ship. 

ib most of the machinery is driven by belts, 
a very stiff frame is required to carry the lines 
of shafting and heavy pulleys. The strain 
upon every post, beam, rod and rafter in the 
complicated map of framework was carefully 
calculated, and proportioned with a strength 
of four times the actual strain, to te borne by 
it—in other words, with a factor of safety of 
four. The building is 140 feet long by 160 feet 
wide, the roof bridge being about 47 feet above 
the stone foundations, and consists of a central 


| building 100 feet wide with a shed on each side 


thirty feet wide, the whole supported upon 
forty iron posts; those of the main or central 
part twenty-seven feet high. These columns 
are made of a combination of ‘‘T”’ rails, 
patented by Mr. Brown, and while they are 
equal if not superior in strength, are much less 
costly than those made with the column irons 
generally used. The entire roof and sides, to 
within eight feet of the ground, are covered 
with heavy corrugated iron, riveted to the 
frame, and thoroughly painted. 

A ventilator runs the entire length of the 
roof at the ridge, and light is admitted through 
two skylights eight by seventeen feet in the 
main roof, and through a row of windows 
under the eaves of the main or central building, 
and above the roof of the sheds, and also under 
the eaves of the sheds and at the ends of the 
building. Not a foot of timber or wood was 
used in the construction of this building, and 
its cost will soon be reimbursed to its owners 
by the saving of all cost for insurance.— Cleve- 
land Journal. 


HE St. GorHarD TUNNEL.—Up to the first 
of the last month, 321,108 feet of the St. 
Gothard Tunnel had been perforated, 16,800 
feet at the north (Goeschenen) end, and 15,308 
feet at the south (Airolo) end. At present the 
work is rendered very difficult. On the north 
side for the last three months the borings have 
passed through serpentine, and on the south 
side through broken rock, which has required 
the greatest possible precaution to deal with. 
The mean progress has not lately exceeded 
thirteen feet per day. 


——--_—_~g eo 
ORDNANCE AND NAVAL. 


: ie” NEW IroncLADs.—The British Govern- 
ment has added two powerful war vessels 
to the navy of Great Britain by the acquire- 
ment of the ironclad Payki Sherref, lately in 
Millwall Dock, and her sister ship, at present 
unnamed, and on the stocks at the adjacent 
building yard of Messrs. Samuda, nearly op- 
posite Greenwich. The Payki Sherref, which 
the Lords of the Admiralty recognise at present 
only by the title of ‘‘B 71,” is finished, and 
furnished ready for sea, and the other ship i3 
proposed to be like her in every respect. 
Technically speaking, the Paykx Sherref is an 
iron armor-cased corvette, with a raised fight- 
ing battery deck amidships. The battery 
deck rises from below the water line to a 
height of about 18 feet, and mounts four 25-ton 
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guns 12-inch muzzle-loaders, which are already | and two pairs of Messrs. Penn’s horizontal 
on board, having been provided by Sir Wm. | compound trunk engines driving twin screws, 
Armstrong when the ship was built for the | 15 feet 6 inches in diameter, with a pitch of 16 
Turkish Government, more than a year since, | feet. The cylinders are 58 inches and 88 inches 
and detained as contraband of war. Two of the | in diameter with 30 inch-trunks, and the stroke 
guns fight on the port and two on the starboard | is 30 inches. Her draught was 17 feet 1 inch 
side, each pair being provided with gun-metal | forward and 18 feet 1 inch aft, the immersed 
racers, giving them such scope for traversing | area of midship section was 788 square feet 
that they can fire direct fore and aft, or combi-| and the displacement 3639 tons. The vessel 
nate upon one spot at 90 yards range. There | was under way 84 hours in all, and steamed at 
is ample room to work the guns, the battery | full speed without stopping for about three 
deck being an octagon of about 60 feet, while | hours. Six runs were made upon the mile, 
the guns, which are somewhat short in the! which resulted in a mean speed of 13.16 knots 
chase, are 16 feet in length. They are rifled| per hour with an indicated horse power of 
with eight grooves, and on an increasing twist. | 3824. The estimated speed was 13 knots. The 


The projectiles as well as the guns are already | number of revolutions made was from 93 to 
94. A steady pressure of 59 pounds per square 


on board, consisting of 650 12-inch shot and | 

shell for the big guns, and some 200 for the|inch was kept in the boilers during the trial, 
9-pounder guns, which will probably be/|and in both condensers the vacuum was 27 
mounted in the bows and astern. The larger | inches. 

projectiles comprise 240 chilled shells, on| The Foo-so showed excellent maneuvering 
the Palliser principle, 100 chilled shot, 240| powers, answering quickly to the action of the 
common shell, 70 shrapnel, and 170 segment | helm, turning in a very small circle. The en- 
shells. The armor plating consists of a belt of | gines worked very smoothly and ee. 
12-inch iron at the waterline, diminishing | The builders of the ship are Messrs. Samuda 
above and below to 8 inches, the thickness of ‘ Brothers of Poplar. 

iron protecting the battery varying from 9} to| The Kon-go, a composite corvette of 231 feet 
104 inches. The main deck, which will be|in length, 40 feet 9 inches extreme breadth, 
nearly level with the water, is composed of 3 ‘and 17 feet 6 inches draught of water, built 
inch plates of armor, encased in oak. The de-|and engined by Earle’s Shipbuilding and En- 
signer of the ship was Hemit Pacha, of the | gineering Company (Limited), of Hull, made 
Turkish navy, and for her length she is re-| her official speed trials off the mouth of the 
markably spacious. She measures between| Humber on the 7th of December last. The 
perpendiculars 245 feet, and has a breadth of | engines are horizontal compound with return 
nearly 60 feet even at a few feet from the stem | connecting rods. The cylinders are 60 inches 


and stern. Her burden in tons is 3075, builder’s | and 99 inches diameter, and the stroke 33 inches. 
measurement, and her draught of water 19 feet | They are constructed to work with a boiler 


forward and 19 feet 6 inches aft. Her dis-| pressure of 60 pounds and to indicate 2500 
placement at the load-line is 4777 feet, and the | horse power. The screw propeller is 16 feet 
area of her midship section 895.68 square feet. | in diameter with a pitch of 17 feet 6 inches. 
She is propelled by a pair of engines con-|In the notice we gave of these ships on the 
structed by Messrs. Maudsla & Field, having | 16th of November we said, that the speed ex- 
a nominal horse-power of and 3900 indi-| pected of the Kon-go and her sister ship the 
cated, The guaranteed speed is twelve knots | Hi-yei, to be noticed presently, was 134 knots, 
an hour. There is a steam steering apparatus | but that judging from the beauty of their lines 
and wheels to be worked by hand, both on the | and the magnitude of the engine power it was 
battery deck and under cover of the lower | not unlikely that that estimate would be con- 
deck, and provision is made to cook for 350 | siderably exceeded. 

men, while thirteen tanks are on board tocon-| Six runs were made by the Kon-go over a 
tain 8000 gallons of water. The Payki Sher-| measured mile at Withernsea, which is on the 
refis to undergo some slight alterations, which | Yorkshire coast a few miles north of Spurn 
will be executed at Sheerness Dockyard. The | Head. with the following results. The steam 


other ship, now building, can be completed in 
a few months, and will be brought forward 
with all speed. Both ships have been sur- 
veyed and approved of by the Lords of the 
Admiralty. 


HE JAPANESE [RoNCLADS.—The three war- 
ships building in England for the Imperial 
Japanese Government from the designs of Mr. 
E. J. Reed have now all been tried under steam, 
and are expected to sail for Japan in the 
course of the next few weeks. The official 
oe trials have given very satisfactory results. 
he Foo-so, an iron vessel, 220 feet long and 
48 feet extreme breadth, plated with 9 inch of 
armor, was tried upon the measured mile at 
the Maplin Sands on the 3rd inst. She has 
eight cylindrical boilers each 11 feet 3 inches 
in diameter, working at 60 pounds pressure, 


pressure was kept steadily at 60 pounds and 61 
pounds per square inch in the boilers; the 
vacuum was 25}4inches, and the revolutions in! 
creased during the trial from 82 at the com- 
mencement to 87 at the close. The power in- 
dicated was 2450. The mean of the six runs 
was 13? knots, but each pair of runs was so 
much better than those which preceded it, 
that if the day had been longer so as to have 
enabled one or two more pairs of runs to be 
made, the means of the last six runs would, in 
the opinion of Mr. Reed and the engineers on 
eae have reached 16 knots. 

The remaining vessel, the Hi-yei, a sister 
ship to the a built by the Milford Haven 
Shipbuilding and Engineering Company (Lim- 
ited) at their works at Pembroke Dock, South 
Wales, and engined by the engineers of the 
Kon-go, made her official speed trials on the 
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26th ult. off Cardiff. The distance upon which 
she was run was bounded by a buoy and a 
lightship, and measurements taken upon a 
chart showed that the mean of four runs gave 
a speed of about 144 knots per hour. A pat- 
ent log that was left out during the whole 
time the vessel was running, and which would 
show less than the true speed owing to the loss 
that would take place in turning at the end of 
each run, indicated a speed of 13.915 knots per 
hour. This would show that the Hi-yei con- 
siderably exceeded 14 knots, and that the class 
of vessels she represents are able to do a good 
14 knots per hour over the measured mile. 
The trial of the Kon-go points to the same re- 
sult, as there was every appearance of reach- 
ing 14 knots with her if there had been suffi- 
cient day-light to have kept running her. The 
rformance of the engines was considered 
ighly satisfactory and an indicated horse 
power of 2490 was obtained. 

The trials of these vessels have been made 
under the personal directions of Mr. E. J. Reed, 
and in the presence of His Excellency the 
Japanese Minister and suite. 

me 


BOOK NOTICES 


HE ANEROID, Its ConsTRUCTION AND USE. 
Science Series No. 35. New York: D. 
Van Nostrand. Price 50 cts. 

This little manual is designed for those who 
desire to apply the Aneroid to its legitimate 
use of measuring altitudes, 

The late improvements in the manufacture 
of this instrument have rendered it as reliable 
in careful hands as the mercurial barometer, 
while it is infinitely more portable. 

The book is compiled from the latest reliable 
sources, and affords short formulas for such 
approximate results as will satisfy the tourist 
as well as the most complete formulas and 
tables for the use of engineers. 

For reconnoissance surveys the Aneroid safe- 
ly replaces the level, and is rapidly coming into 
use for such purposes. 

The principal tables in the book are those of 
Prof. Airy derived from his formula, and a 
table of five place logarithms for the applica- 
tion of La Place’s formula. 

The practical part of the book is preceded 
by a treatise of atmospheric pressure and the 
use of the Barometer in weather observations. 

A portion of the book has appeared in this 
Magazine. 

UILDING Construction. By R. Scorr 

Burn. London: William Collins, Sons & 
ee For sale by D. Van Nostrand. Price 

3.00. 

This is a new book by a well known author 
on kindred subjects, and is designed as a con- 
venient manual for the designer of structures 
of different kinds, and embracing the use of 
timber, lead and iron. 

The four parts treat respectively of Carpen- 
try, Joinery, Iron, Lead and Zinc Work, and 

llaneous Roof Coverings, Staircases, 
Strains. 

The text book is illustrated by 480 cuts in- 
terspersed, and is accompanied by an Atlas of 
60 plates, 





\ JEATHER WARNINGS AND WATCHERS. By 

“THe CLERK” HIMSELF. London : 
Houlston & Sons. For sale by D. Van Nos- 
trand. Price 50 cts. 

The title of this book is pretentious and mis- 
leading. It is but little more than a thin treat- 
ise on instruments used in Meteorology, well 
illustrated. 


HE YEAR-Book oF Facts IN SCIENCE AND 

Art. By James Mason. London : Ward, 

Lock & Co. For sale by D. Van Nostrand. 
Price $1.25. 

This contains apparently less matter than 
usual, but presents the same variety as ever. 
Entomology has its full share of attention, the 
—_. illustration being a magnified Colorado 

eetle. 


EOLOGICAL SuRVEY OF New JERSEY. By 
Geo. H. Cook, State Geologist. Trenton: 
Noar, Day & Noar, Printers. 

The present report relates to the clay de- 
posits of New Jersey, and their uses for fire 
brick, pottery, etc. Like its predecessors it is 
a valuable addition to the literature of econo- 
mic geology. The analyses of the various clays 
are given and their locations fully described 
both by topographical charts and by vertical 
sections, 

The maps are exceedingly good. The report 
covers 380 octavo pages. 


ee oy Paprers ON PuysicaL Scr- 

ENCE. By Humpurey Luoyp, D. C. L. 
London: Longmans, Green & Co. For sale by 
D. Van Nostrand. Price $6.40. 

The author of these papers, now Provost of 
Trinity College, Dublin, was formerly Pro- 
fessor of Natural Philosophy in that university, 

The papers, twenty-three in number, embrace 
subjects relating to Optics, Meteorology, and 
Terrestial Magnetism, especially the latter. 

It is a well printed, royal octavo of 510 pages, 
with a few illustrations, including a finely en- 
graved magnetic chart of Ireland. 


HERMODYNAMICsS. By P. G. Tarr, M. A. 

Second Edition. Edinburgh: David 

Douglas. For sale by D. Van Nostrand. 
Price $2.50. 

This new edition comes in an excellent typo- 
graphical dress, which is eminently fitting to a 
treatise every page of which threatens the 
reader with a headache unless he is fresh in his 
mathematics. 

Prof. Tait is an acknowledged master of the 
higher analyses and especially in the line of 
physical research. 


DEPORT ON THE IRON MANUFACTURE OF 
Unirep States or America. By I. 
LowTHIAN BELL, Esqg., F. R. 8. London: 
_— & Spottiswoode. For sale by D. Van 
ostrand. Price 60 cts. 

The substance of this pamphlet has already 
appeared in our pages. It presents in the most 
satisfactory manner a comparison of the 
methods of manufacture of iron and steel in 
this country with that of Great Britain, and 
will always be a valuable record because pre- 
pared from personal observation by the person 
best qualified to do it. 
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MANUAL OF ENGINEERING SPECIFICATIONS 

AND CONTRACTS 

Haupt. Philadelphia: J. M. Stoddart & Co. 
For sale by D. Van Nostrand. Price $3.00. 

This is an instructive manual of an uncom- 
mon kind, but of the highest importance to 
the young engineer. It covers that branch of 
engineering education which can be satisfac- 
torily learned from a book without other aid. 
Even experienced engineers cannot afford to 
trust to memory alone in drawing specifications, 
and will find a carefully prepared book of 
valuable service. 

The topics treated by chapters are as follows: 
Chapter 1, Drawings; Chap. 2, Estimates and 
Measurements; Chap. 3, Specifications; Chap. 
4, Advertisements; Chap. 5, Bids or Proposals; 
Chap. 6, Contracts. 

Numeroué illustrative examples are given, 
the whole covering something over 300 octavo 
pages. 

i Roya Navy List, containing Dates of 

all Commissions, &c., and a Statement of 
the War and Meritorious Services, Medals, 
Decorations, Honors, &c., of the Officers of 
the Royal Navy and Royal Marines on the 
Active and Retired Lists. By C. E. WARREN, 
R. N., and Lieut.-Colonel F. Lean, R. M. L. I. 
January, 1878. London: Witherby & Co. For 
sale by D. Van Nostrand. Price $3.00 


This isa new quarterly. The following is | 


from the Army and Navy : 

“The Naval Service is to be congratulated 
on the appearance of this much-required work, 
and the Editors deserve every support for the 
enterprize they have shown in undertaking the 
great labor and cost of publication. The scope 
of the List will be recognized when we state 
that it contains all that is to be found in the 
quarterly official ‘ Navy List,’ together with the 
following important additions. The dates of 
all commissions held by an officer are given, so 
that the rapidity, or otherwise, of his progress 
can be seen at a glance, while by foot-notes 
on each page reference is made to any special 
causes of promotion. .The War and Meritori- 
ous Services of Officers of all grades are given 
in another part of the book, and this portion | 
of the List will be made a most valuable record | 


if officers themselves will give the Editors the | 
assistance they ask and forward particulars of 
their services. There are also recorded the | 
deeds by which the Victoria Cross, Albert | 
Medal, the Awards of the Humane Society, | 
and other institutions have been won. The | 
type is excellent, and the system upon which | 
t 


e names have been arranged and references | 


are given in the different lists make the work | 


of tracing an officer’s career quite easy, instead 
of being a labor. Next quarter the List will 
be enlarged, owing to additional information 
being received from a variety of sources, and 
the price will have to be raised to meet the in- 
creased cost of production; but we feel sure 
that the Service will appreciate the appearance 
of this Naval ‘ Hart,’ and will not allow it to 
suffer from any want of support.” 


HE ParrerN MAKer’s Assistant, embrac- | 
ing Lathe Work, Branch Work, Core | 
Work, Sweep Work and Practical Gear Con- | 


| Tubes ; 
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| struction. By Josnua L. Rosr, M.E. New 
By Prof. Lewis M. | York: D. Van Nostrand. Price $ 2.50 
| The author of this practical treatise is well- 


| known on both sides of the Atlantic, through 
|his contributions to technical journals upon 
| tools and their use. 

The collected papers form a work entitled 
|**The Complete Practical Mechanic,” a work 
| of the most thoroughly practical character. 

| The present work is illustrated with 244 cuts, 
| and besides a large collection of valuable tables 
| presents the following topics : 

| Contents: Chapter I, General Remarks; Se- 
lection of Wood; Warping of Wood; Drying 
of Wood; Plane-irons; Grinding Plane irons; 
Descriptions of Planes; Chisels; Gouges; Com- 
passes; Squares; Gages; Trammels; Winding- 
strips; Screw-driver; Mallet; Calipers. Chap. 
II, Lathe; Lathe Hand-rest; Lathe Head; 
Lathe Tail-stock; Lathe Fork; Lathe Chucks; 
Gouge; Skew-chisel; Turning Tools. Chap. 
III, Molding Flask; How a Pattern is Molded; 
| Snap Flask. Chap. IV, Description of Cores; 
| Core boxes; Examples of Cores; Swept Cores 
| for Pipes, etc. Chap. V, Solid Gland Pattern; 
| Molding Solid Gland Pattern; Gland-pattern 
| without Core-print; Gland Pattern made in 
| Halves; Bearing or Brass Pattern; Rapping 
| Patterns; Example in Turning; Sand-papering; 
| Pattern Pegs; Pattern Dog or Staple; Varnish- 
|ing; Hexagon Gage; Scriber. Chap. VI, Ex- 
|ample in T-joints, or Branch Pipes; Example 
in Angular Branch Pipes; Core Box for Branch 
|Pipes. Chap. VII, Double-flanged Pulley; 
| Molding Double-flange Pulley; Building up Pat- 
terns; Shooting-board; Jointing Spokes. Chap. 
VII, Pipe Bend; Core-box tor Pipe Bend; 
| Swept Core for Pipe Bend; Staving or Lagging; 
' Lagging Steam Pipes. Chap. IX, Globe Valve; 
| Chucking Globe Valve; Core-boxes for Globe 
| Valve. Chap. X, Bench-aid; Bench-stop; 
|Bench-hook; Mortise and Tenon; Half-lap 
| Joint; Dovetail Joint; Mitre Box; Pillow 
Block. Chap. XI, Square Column; Block for 
Square Column; Ornaments for Square Col- 
|umn; Cores for Square Columns; Patterns for 
|/Round Columns. Chap. XII, Thin Work; 
| Window Sill; Blocks for Window Sill. Chap. 
XIII, Sweep and Loam Work; Sweeping up a 
Boiler; Sweep Spindle; Sweeping up an En- 
gine Cylinder. Chap. XIV, Gear-whecls; Con- 
struction of Pinion; Construction of Wheel- 
teeth; Gage for Wheel-teeth; Bevel Wheels; 
Building-up Bevel-wheels; Worm Patterns: 
Turning Screw of Worm Pattern; Cut- 
tin Worm by Hand; Wheel Scale. Chap. 





| XV, Patterns for Pulleys; Section Patterns, 


Chap. XVI, Cogging; Wood used for Cogging; 
| Templates for Cog-Teeth; Sawing out Co ed 
| Teeth; Boring Cogged Teeth; Chap. XVII, 
|Machine Tools for Pattern Making; Face 
|Lathe; Jig Saw; Band Saw; Circular Saw; 
|Planing Machine; Glue Pot.’ Chap. XVIII. 
| Shrinkage of Solid Cylinders; Shrinkage of 
|Globes; Shrinkage of Disks; Shrinkage of 
| Round Square Bars; Shrinkage of Rectangular 
Shrinkage of U-shaped Castings; 
Shrinkage of Wedge-shaped Castings; Shrink- 
age of Ribs on Plates; General Laws of Shrink- 
age: Table of Shrinkage; Calculating Thickness 
of Thin Pipes; Calculating Thickness of Cylin- 
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ders for Hydraulic Presses; Calculating Rims 
of Fly-wheels. 
(a. — The reviewer of Du Bois’ 
) ‘*Graphical Statics” writes that he was in 
error in stating (on p. 191) that ‘‘the kernel of 
Fig. 37, plate II. is wrong side up.” But it 
should be added that Du Bois makes a mistake 
in connection with the discussion of this figure, 
for the note at the bottom of page 77 should be 
corrected by multiplying both members of the 
first equation by sin. @. 


————— 
MISCELLANEOUS. 


Me. SmirH, Fassett & Co., of Tona- 
wanda, N. Y., report having shipped the 
past season over 70,000,000 feet of lumber, be- 
sides a proportionate quantity of shingles, lath, 
etc., an increase of almost 100 per cent. over 
their business of last year. They deal exclu- 
sively in Michigan pine, which is shipped 
from their docks to customers in New York, 
Pennsylvania, Maryland, and sections still 
further east. Their facilities for handling 
lumber are such as to enable them to manipu- 
late their stock easily and peepee i They 
have a dock frontage of 2,700 feet and storage 
room for an ample supply of everything which 
it is necessary for them to sell. The rapid 
wth of the business represented by this firm 
is no doubt due in a great measure to the prac- 
tical knowledge of the trade possessed by each 
of its members. 


. is very well known that if the air in sewers 
could be kept in continual motion in one 
direction, so that no stagnation could take 
place, the danger attending the development of 
sewer gases would be avoided. To this end 
vertical shafts have been proposed and _ tried 
without success, for causing the upward cur- 


rent of the sewer orair. Similar shafts are 
now proposed by Mr. R. Parker, surveyor to 
the Board of Works for the — district, but 
in place of using them as uptakes he provides 
their upper ends with a cowl, the opening of 
which is always presented to the wind which 
enters the sewers and keeps up a current that 
constantly changes the gaseous contents of the 
sewer by driving them out at every opening. 
Mr. Parker proposes to use ‘‘ a number of cast 
iron shafts erected about 12 feet high and 10 
inches diameter, in convenient and open places, 
and also pipes of various sizes according to cir- 
cumstances, from the sewers and existing 
drains at the rear of houses, to the house top as 
high as the chimney stack, and these pipes or 
ventilating shafts should be surmounted by a 
cowl, guided by a vane attached to it, so that 
its opening or aperture shall always be facing 
the wind. The air or wind impinging upon it 
will force down the air within it, and pass into 
the sewer and travel along it, entering all 
drains and ramifications to find an outlet so 
that it may escape. The air within the sewer 
requires very little force to cause it to move 
forward, as it has in itself a tendency to move 
upwards.” He has made some experiments 
which are described in a recent report to the 
Poplar Board, ‘‘ to see if the force of the wind 





and air could be conducted into the sewers, in 
this way to force out the gases and keep up a 
constant current of fresh air; it has been found 
that there was always a downward current in 
the ventilating shaft, and an upward rush of 
pure air in all the gulleys and drains in its im- 
mediate neighborhood.” A shaft was con- 
structed from a drain to the roof of a house in 
Bow, the distance from the cowl to the sewer 
being 13 feet. The average results of the first 
seven experiments gave :—Temperature outside 
sewer, 43.28 deg.; temperature inside sewer, 
48.86 deg.; velocity of wind outside sewer, 
4.61 miles per hour; velocity of wind at junc- 
tion of 9 inches drain in sewer, 1.81 miles per 
hour. Cubic feet of air forced into sewer per 
hour, 4210. 
/ io Fai oF A Mounrarn In ‘Savoy.—An 
interesting account of the recent falling 
of a mountain in Tarentaise, Savoy, causing 
disaster to two flourishing villages, has been 
communicated to the Courrier des Alpes, by 
M. Bérard. The phenomenon has been incor- 
rectly reported as instantaneous and the de- 
structive effect complete, whereas the case is 
that of a mountain which for twenty days, 
without cessation, has been dismembering 
itself and literally falling, night and day, 
into the valley below, filling it with piled-up 
blocks of stone, extinguishing all sounds by 
its incessant thunder, and covering the distant 
horizon with a thick cloud of yellowish dust. 
The entire mass comprised in the slope forms 
a mutilated cone 200 meters broad at the top 
and 600 at the base (the slope being about 50 
degrees); this is composed of hard schist lying 
close together, but no longer united; and it is 
united to the body of the mountain only by a 
vertical mass of 40 or 50 meters thick, which 
is already fissured and shaken. Periods of 
repose occur, lasting only a few seconds; ora 
minute at most; then the movement recom- 
mences and continues about 500 hours. Blocks 
of 40 cubic meters become displaced with no 
apparent cause, traverse the 1,800 meters of 
descent in thirty seconds, leaping 400 or 500 
meters at a time, and finally get dashed to 
pieces in the bed of the torrent, or launch 
their shattered fragments into the opposite 
forest, mowing down gigantic pines as if they 
were so may thistles. One such block was 
seen to strike a fine fir-tree before reaching the 
bridge between the villages; the tree was not 
simply broken or overthrown, but was crushed 
to dust (volatilisé); trunk and branches disap- 
peared in the air like a burning match. Rocks 
are hurled together and broken into fragments 
that are thrown across the valley like sparrows 
in a whirlwind; then follow showers of smaller 
fragments, and one hears the whistling sound 
of thousands of pebbles as they pass. 4 
Bérard reached the edge of the rock (2,460 
meters high) on one of the sides of the = 
cone, and ventured along it obtaining a goo 
view of the ‘‘terifying” spectacle. He re- 
affirms his conviction that the phenomenon is 
inexplicable by any of the usual reasons that 
account for Alpine disturbances, such as pene- 
tration of water or melting of snows, or in- 
ferior strata in motion; nor does the declivity 
of the slope explain it.—Nature. 





